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ABSTRACT 


Tbe  micas,  a group  of  sheet -structure  alumino -silicates,  are  com- 
posed mainly  of  K,Mg,Fe2,Fe5,Mn  and  Li  vith  OH  and  F but  also  contain  var- 
ying small  amounts  of  Na,Ba,^,V,Cr,  and  T1  as  well  as  minute  amounts  of  a 
large  variety  of  trace  elements.  The  main  species  are  muscovite,  lepidolite, 
phiogopite,  biotite,  zinnwsldlte,  paragonite,  rosco&lite,  and  taenic'. its. 

Most  micas  are  monocllnicj  some  are  hexagonal;  a few  may  Ip  triclinic.  In 
muscovite  the  2-layer  form  is  essentially  invariant.  Lepidolites  crystallize 
in  1-layer,  5 -layer  and  6-layer  forms  which  can  he  correlated  with  the  Li 
content.  Phlogopites,  blotites,  and  zinnwaidites  also  show  considerable 
polymorphic  variation  but  correlations  vilh.  eotcposi tion  or  occurrence  are 
not  yet  possible. 

The  micas  of  commercial  significsuice  are  aauscovita  and  phlogoplte. 
Economically  significant  deposits  of  sheet-sizs,  hi^-quality  muscovite  are 
confined  to  pegmatites,  principal.ly  in  wall  zones  and  core -margin  units. 
MuscovlteB  from  difierent  zonee  ic  individual,  pegmatites  ere  characterized 
by  distinct  differences  in  color,  structural  defects,  and  eonposition. 

Similar  variations  occur  among  the  micas  of  different  districts. 

The  a'icss  show  systematic  differences  in  cacq^osition, 

mainly  in  Fe5,Fe'^,i*jg,Ll,  c <d  F,  which  r eflect  the  stage  of  differentiation 
of  the  pegmatite  magma  at  the  time  eacr  type  erj'B tall i zed. 
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zinasaJ-dite,  mainly  in  cext.sin  rare  pe^iiatitsE  sj 


Lg'j. -temperature  veinE. 


Muscovite  and  its  f tae-gratced  variety,  sericite,  are  vldespread  essential 
ccsuBt-^ tuents  am’)  ■ cesscry  minerals  of  hydrotherral  veins  and  replacement 
deposits.  Among  Xum  mettViOTphic  rocks,  biotlte  an<i/or  sEascovite  are  common 
er.d  videly  nistributed  in  many  types  of  slates,  phylliteF,  schists,  and 
gneisses,  anc  j'lilogopite  is  a coracon  .onstituent  cl’  some  marbles.  In  sedi- 
mentary rockjs,  fine-grained  detrltal  muscovite  may  be  an  important  mineral 
in  clastic  rocks  and  aubklgenlc  isuscovlte  may  also  become  a significant  con- 
stituent in  some  fine-grainea  elastics.  We  have  not  atten?)ted  to  study  the 
micaceous  minerals  that  lie  between  the  true  micas  and  the  clay-minerals 
namely,  members  of  the  llUte  group  of  minerals  of  which  the  most  vldespread 
r^resehtatlve  Is  hydrcmuscovlte  or  ’aydramica. 


The  micas  are  also  of  scientific  significance  In  that  they  sure  the 
most  outstemding  representatives  of  a type  of  silicate  structure,  namely,  the 
sheet  structure  or  dlsillcate  type,  in  which  the  silica  tetrahedra  all  axe 
placed  in  one  plane  with  each  tetrahedron  being  .joined  to  others  by  the  three 
oiwgen  atocts  that  lie  within  tbe  ctrnmox.  plane.  A continuous  extension  of  such 
a liu-tage  provldsB  a hexagonal  network  within  the  plane.  Other  mineral  gro;^>6 
that  axe  characterized  by  this  basic  sheet-type  structure  include  the  chlor- 
ites, brittle  micas,  and  vermiculites ^ By  studying  representatives  of  the  saica 
j group  it  is  possible  to  obtain  acre  Information  on  the  prqperties 

of  silicates  showing  this  type  of  linkage. 


, The  micas  "-re  of  ocisntific  significance  also  because  of  their 
highly  diversified  con^osition,  'being  hydrems  or  fluosilicates  of  alkali  metals 
principally  potassium,  and  of  divalent  as  well  a?  trlvalent  metals . Conse- 
quently, a great  many  i. '’omorpb'^us  siibstitutionB  are  possible  within  the  group. 


* Prom  the^economic  standpoint,  ^.iscovite  and  phlogopite  represent 

I subsittaccs  that  require  an  esuen  ially  laiique  type  of  mining  and  recovery, 
j for  +hey  are  desirable  hot  because  of  their  conqjosition,  but  mainly  because 
j of  their  ujiuBusi  combination  of  physical  properties  and  becaiise  of  the  size 
! of  - the  crystals  In  which  they  n-'c-or.  Consequently,  the  mining  of  muscovite 
:nd  phlogopite  dem?xids  t^t  the  crystals  as  they  occur  in  the  deposit  be 
i-emoved  wl.thout  'e:?ige  or  without  diminution  of  grain  size.  In  this  respect 
the  micas  ere  m.-  to  quartz  crystals  in  the  requirements  of  their  mining. 

The  unique  -.or’ ' . of  properties  possessed  by  muscovite  and  phlogopite  whic 

makes  them  econui..-<_i- _ly  desifaule  is:  (l)  thsir  perfect  basal  cleavage,  (?) 

their  flexibility  and  elasticity,  (3)  their  extremely  low  electrical  con- 
ductivity and  high  dielectric  property,  (4)  tlielr  very  low  heat  conductivity, 
€ini  (5)  their  occurrence  in  large,  relativeu^  ,ei".?ct,  single  crystals. 


Lepidolite,  the  other  mica  of  comiercial  value,  is  not  mined  be- 
cause of  its  properties  as  a mica,  but  because  it  contains  the  element 
lithium  whicn  is  extracted  from  it.  “Bius  it  is  un1  important  whether  it  occurs 
in  large  single  crystals  or  relatively  free  of  mineralogical  iaq>uritieB. 
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^Ilie  inqjortance  of  the  mica  stud. '-^o  ic  v.-o- fold)  scien-  i 

tifi  , leading  to  informticn  on  _ and  roch  gents,..  .^.iifaU.  ■ '■  s.rturoa 

and  isomorphisa;  and  economic,,  .leading  to  data  on  cccurren  > , recov  and  | 

effects-.  ■ .tiiization. 


.)  Eistory  ei?d  Ji^ersonnel  of  Project  j 

I 

j 

The  investigations  of  Heinrich  on  miean  tegen  in  19*^1  at  t"'-  's'g-  | 

gestlon  of  the  late  Professor  Harry  Berman  of  the  Department  of  Mineialogy  j 
and  Petrography  of  Harvard  University.  It  vas  origina.lly  intended  to  attempt  j 
a study  of  the  micas  for  a doctoral  dissertation,  hut  due  to  the  death  of  j 

Professor  Berman  and  various  other  factors,  this  was  ahardoned.  However,  } 

this  preliminary  work  led  directly  to  the  con?)ilation  of  a relatively  complete 
collection  of  analyses  of  micas  and  a hlhliography  of  articles  relating  to  all 
aspects  of  mica  research.  From  this  work,  one  paper  (Heinrich,  19^6)  resulted. 
During  the  period  19^2  to  19^7  Heinrich,  as  a memiber  of  the  United  States 
Geological  Survey,  was  assigned  during  much  of  this  time  to  the  investigation 
and  mapping  of  pegmatite  mineral  deposits,  partlcrilarly  mica  pegmatites,  and 
participated  in  such  investigations  in  the  southeastern  niics.  districts  of 
North  Carolina,  Georgia  and  Alabama  as  well  as  those  of  Idaho,  Colorado  and 
i'ev  Me:iico.  Suhseq.uently,  he  has  had  opportunity  to  study  mica  deposits  in 
New  England,  Montana  and  other  westexu  states,  in  and  in  various 

European  countries,  particulsirly  those  of  Scandinavia  and  Germany.  Most  of 
vhe  mica  specimens  which  have  been  studied  as  part  of  this  investigation  iave 
been  persons  ly  collected  by  Heinrich  and  were  carefully  labeled  and  .studied  i 
as  to  their  detailed  geological  occurrence  ^itnin  their  deposits.  One  group 
of  Colorado  specimene  was  collected  by  Levinson  and  the  remai.nj.ag  studied 
specimens  are  analyzed  micas  which  have  been  dbtai..cd  from  numerous  investiga- 
tors both  within  the  United  States  and  abroad.  In  all  casef;,  however,  we  have 
utteupted  to  confine  our  studies  to  specimens  whose  detailed  paragenesis  either 
WBU!  known  to  us  from  our  own  field,  work  whose  gee'iogical  occurrence  was  a 
oiatter  of  record. 


General  mica  investigations  were  resuniiid  in  1950  by  Heinrich  and 
levlnson  in  an  attempt  to  learn  more  regarding  v.he  vaxiailcn  in  optical  and 
physical  properties  of  muscovites  within  individui.:.  peg;7r-t.i tes  and  Individual 
pegmatite  districts.  Attention  was  soon  directed  t.--  ard  the  widespread  poly- 
morphism existing  in  the  mica  group,  m:s'i  it  became  clear  that  in  order  to 
learn  more  regardlug  the  go:  esis  of  pegusatitic  muse-ovites,  basic  information 
on  structural  and  compositicn  1 variatiors  was  rec'uired.  In  September,  1951) 
a large  part  of  the  investigation  was  transferred  to  Project  ■J'-'/fB  of  the 
Engineering  Research  Instit‘:te  of  the  University  of  Michigan  sponsored  and 
supported  by  the  U.  S.  Army  Signal  Corps,  without  whose  assistance  the  wide 
scope  of  our  work  would  have  been  impossible. 
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’ A.A.uOratci*/,’'  of  the  University  of  K’  xhlgH.n. 

mt-uy  tecttniQvU-&  vera  utilised  iu  the  quest  for  new  data  on  natural  micas. 
Foremost  of  tte.e  X-re.y  techniques,  ty  means  of  which  the  structures  of 

over  10(X)  specr-reuB  of  mica  ware  iaentified.  The  refractive  Indices  of  shout 


j 500  specimens  part  icularly  muBcovites,  were  deterriined  by  tneans  of  the  Abb^ 
refractometer  arid  iriEiarsion  liquids,  and  2V  was  ineasui’id  by  means  of  the  Fuess 
axial -angle  apparatus  and  the  Mallard  method.  Extensive  surveys  of  the  lit- 
erature were  imdertaiken  In  connection  with  •^ueb  problems  as  the  study  of 
overgrowths,-  zoning,  peragenesis,  and- trace  elements,  in  an  attenpt  to  cor- 
relate and  interpret  the  older  da-ta  on  -these  subjects  with  :$.nforaatlon  secured 
freni  our  measureisents  and  from  the  large  number  of  new  chenical  anadyses. 

A number  of  apparently  significant  Russian  papers  were  translated  in  their 
entirety. 


The  project  during  the  two  years  of  its  sponsorship  by  the  U.  S. 
Army  Signal  Corps  has  been  under  -the  adml nistratl-ve  supervision  of  Dr.  S. 
Benedict  Le-vln,  Deputy  Chief,  Chemical-PhyBics  Branch;  Squler  Signal 
Laboratory.  The  project  as  a -whole  has  been  guided  and  svpervlsed  by 
Heinrich.  Levinson  has  personally  carried  out  nearly  all  of  the  X-ray  work. 
The  ether  two  writers,  Levandowski  and  F"-wltt,  ha-ve  been  employed  as  general 
assistants  In  varied  aspects  of  the  research  work,  but  have  also  contributed 
specifically  -t-h?  writing  of  certain  sections  of  this  report. 
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fort'.ins,te  -In  obtuJjDlng  nanrales  or'  about  lOO  different  -micas,  of  which  approx- 
imately 1^0  have  been  analyzed  and  described  iu  the  literature: 

(1)  Dr.  J.  M.  Axelixjd  (U.S.G,3.,  Washington) 

(2)  Dr.  F.  A.  Bannister  (Brit.  Mus.  Nat.  History,  London) 

(5)  Prof.  L.  G.  Berry  (Queens  Unlv.,  Kingston,  On-tario) 

(4)  Mr.  J.  E.  Bever  (Unlv.  of  Michigan) 

(5)  Dr.  Hai*ald  BjSrlykke  (Norwegian  Geol.  S-iirvey) 

(6)  Dr.  H.  V.  Elis-worth  (Geol.  Survey  of  Canada,  Ot-tawa) 

(7)  Mr,  R.  C.  Erd  (U.S.G.S.,  Washington] 
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(S)  Prof.  H.  ¥.  Fairbaira  (54asp.  las^.-  Pe-.'hn./- 

(9)  Prof.  R.  R.  P.rp_nco  f . <:i  PauiCj^ 

(10)  Prof.  C.  Fro-'P?’  '.E'^-’-ard  umv., ) 

(11)  Prof.  S.  F KKldavc  ('>iiv.  of  Michigan) 

(12)  Dr.  C.  H.  Greene  (Coming  Glass  Workjs^  Corning,  K.Y.) 

(15)  Mr.  W.  R,  Griffitts  (E.S.G  .3 Washington) 

(14)  Dr.  E.  Grip  (Boiiden,  Swedeii) 

(15)  Dr.  A.  ?.  Ha3.1i]3ond  (london,  England) 

(16)  Dr.  S.  B.  dendricks  (U.  S,  Dept,  of  Agriculture,  Washington) 

(17)  Dr.  P.  Hldnert  (Nat.  Bxir.  of  Standards,  Washington) 

(18)  Prof.  W.  F.  Hunt  (Unlv.  of  Michigan) 

(19)  Prof.  C.  0.  Hutton  (Stanford  Univ.,  California) 

(20)  Mr,  R.  Jacobson  (GooI.  Surv.  of  Nigeria,  Kaduna  Junction) 

(21)  Prof.  J.  Jakob  (Tech.  Univ.  of  Ziirich,  Switzerland) 

(22)  Dr.  Y,  Kawano  (Geol.  Surv.  of  Japan) 

(23)  Dr.  A,  Kiiqpf  (Yale  University,  New  Haven,  Conn.) 

(24)  Prof.  L.  Lokka  (Helsinki,  Finland) 

(25)  Mr.  A.  M.  Mncgrsgor  (Geol.  Survey  of  Sourthem  Rhodesia) 

(26}  Prof.  C.  Maug^iin  (Univ.  of  Paris,  France) 

(27)  Dr.  V.  3.  Meen  (Royal  Ontario  Museinti,  Toronto) 

(28)  Dr-  and  Mrs.  A.  Miyashlro  (Gecl.  S ’'"'.’,  of  Japan,  Tokyo) 

(29)  Prof.  J.  Murdoch  (itolv.  of  Cailfnmla,  Los  -tageles) 

(30)  Prof.  T.  Noda  (Nagoya  Univ.,  Jap’.Ui ) 

(31)  Prof.  E.  W.  Nuffield  (Itolv.  of  Toronto,  Canada) 

(32)  Dr.  0.  H.  Odinan  (Royal  Inst,  of  Technol.,  Stcckholn) 

(33)  Prof.  I.  Oftedal  (Itolv.  of  Oslo,  Norway) 

(54)  Prof.  G.  P.  Pagllani  (Univ.  of  Kij_an,  Italy) 

(35)  Prof.  R.  L.  Parker  (Teehn.  Univ.  of  Zurich,  Switzerland) 

(36)  Prof.  G.  Pehxnan  (Abo  Academy,  Abo,  Finland) 

(37)  Prof.  R.  Pierucelnl  (Univ.  of  Florence,  Italy) 

(38)  Dr.  F.  H.  Poixgh  (Awer.  Mus.  Nat.  Hist.,  New  York) 

(39)  Prof.  R.  T.  Prider  (itolv-  of  Western  Australia,  Ptirth) 

(40)  Prof.  Percy  Qucnsel  (itolv,  of  Stockholm) 

(41)  Mr.  A.  E.  Roberson  (U.  S.  Bur.  of  Mlnea,  Albany,  Oregon) 

(42)  Dr.  K.  P.  Rowiedge  (Gov't.  Chca.  laboratories,  Perth,  West. 
Australia) 

(43)  Dr.  A.  Scbiener  (Mus.  Nat,  Hist,,  Yienna,  Austria). 

(44)  Dr.  F.  T.  Seeyle  (Dotiaion  Lab ora tor Itb,  WelA  tgton.  New 
Zeal8.nd) . 

(45)  Dr.  K.  Suglura  (Toyko  Inst,  of  Tachno.' ogy,  Jeyau). 

(46)  Dr,  G.  Switzer  (Smithsonian  Institutiov,  WaebingtUii) 

(47)  Prof.  8.  Tyler  (Univ.  of  Wisconsin,  MadiEoc,  Wis.) 

(48)  Dr,  S.  vaui  Blljon  (Heidelberg,  Trsnavaat,  Gcitth  Africa) 

(49)  Dr.  F.  Wickman  (Royal  Mus.  of  Stockholm,  Sweden) 

(50)  Prof.  H.  Wlnchell  (Yale  Univ.,  New  Haven,  Conn.) 

(51)  Dr.  H.  Yamada  (Tokyo  Inst,  of  Tech.,  Japan) 
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Mrs.  E.  G.  Smitii  provi'Jted  r^iissiaa  tr;4^^:.le-t;10BC,  sDci  Hi^^e  H,  J-  Abels  i 
aud  J.  I,  Sjolth,  French  tr-ariiL^itic'nE.  S.  J.  lefond*  A.  A.  Giardinl,  and  j 

A,  ■.'  aesieted  in  the  labor? ■while  f*lTS.  E,  fioof  and  Hiss  1 L,  F^’r’o.'ett  j 
j f'traAle‘'.e'i  Becretajr.lai  aid,  i 

1 I 

011.VE  Facr^iity  Reeea;ceh  Putaa  cf  the  H,  Rackhoca  School  of  | 

Gradiia^e  Studies,  IJni-versity  of  Michigan,  furnished  Ihe  funds  for  fl-ve  new 
chemical  analyses. 
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research  institute  » university  of  Michigan  — i 


..  '3TAL  "^MISTRi  OF 


Maiig^iiE  (1927^  1928a.,  1928b)  vas  the  first  to  apply  X-ray  a?;alysis 
to  the  study  of  micas.  He  determined  their  unit  cells  and  synnnetry  and  dis- 
cussed the  types  of  isomorphous  replacement.  Knoving  the  cell  dimensions, 
the  density  and  composition  of  micas,  and  the  weight  of  each  atom,  he  cal- 
c\alated  the  average  number  of  atoms  of  each  kind  in  the  unit  cell.  One  of 
the  main  points  noted  was  that  the  tQtal  number  of  oxygen  and  fluorine  atoms 
in  the  structural  unit  is  always  12.  It  is  upon  this  value  that  modern 
formulas  of  the  micas  are  based. 


Pauling  (1950)  advanced  the  general  concept  of  the  structure  of  mica 
emd  other  layered  silicates  by  proposing  on  the  basis  of  his  coordination 
theory,  an  outline  of  the  general  stnictural  scheme  for  these  minerals. 
Pauling's  (1930 ) work  gives,  in  particular,  the  sequence  of  atomic  planes 
parallel  to  the  cleavage  plane.  The  first  complete  analysis  of  a mica 
structiore  on  this  basis  was  made  independently  by  Jackson  and  West  (1950, 

1935)*  Their  X-ray  work  on  muBeovite  showed  conclusively  that  the  ideas 
proposed  by  Pauling  (1930)  were  correct.. 

The  basis  of  the  mica  structure,  which  has  been  described  in  detail 
by  Bragg  (1957)>  Hendricks  and  Jefferson  (1939)>  and  others,  is  the  silica 
tetrahedron  (SiOj^)  arranged  in  sheets  to  form  a hexagonal  network  (Fig.  l). 
Silicon  has  a coordination  number  of  four.  In  the  tetrahedron,  aluminum  may 
replace  one-fourth  of  the  silicon.  Inasmuch  as  the  silicon -oxygen  sheet,  by 
sharing  oxygen  atoms  of  adjacent  tetrahedra,  has  the  composition  (Si"Oio)> 
the  substitution  referred  to  may  result  in  the  silicon-oxygen  sheet  having 
the  formula  (AISI^O^q).  Two  of  these  sheets  are  placed  together  with  the 
vertices  of  the  tetrahedra  pointing  toward  each  other.  In  muscovite  these 
sheets  are  held  together  by  alumimun  atoms  which  have  octahedral  coordl.nation 
with  respect  to  the  neighboring  hydroxyl  groups  and  oxygen  atoms.  The  hydroxyl 
groups  are  sitijated  at  the  c-.nters  of  the  plane  hexagons  formed  by  f'-  o., 

atoms  of  the  silica  tetrahedra.  The  octrahedral  groups  may  also  be  built 
around  magnesium  as  in  phlopopite,  lithium  as  ixj  lepidolite,  and  so  forth. 

Tula  eonsitutes  one  firmly  bound  double- sheet.  The  structure  of  the  na.a 
is  completed  by  Joining  the  above-mentioned  double-sheets  with  potassium  atoms  1 
i which  have  twelve-fold  coordination  with  respeev  to  oxygen  rtoms.  The  perfect 
cleavage  of  the  micas  ^.ies  between  these  double -sheets. 

With  the  possible  exception  of  titanium,  the  position  occupied  by 
the  many  elements  reported  in  all  good  analyses  is  no  longer  in  doubt,  barman 
(1937)  indicates  the  general  formula  for  the  mica  group  as: 


UNSVERSfTY  OF 


ENOINEtRIIMO  RESEAFICH  INSTITUTE  * 

W(X,Y)2.5Zi,0^^j0,0H,F)g 


in  vAich 


W * K predominsxitlyj  Na,  3a,  Ca.  aubcrdinate  t-..  xs-iv:.; 

X = Hg,  Fe'^,  Mn^,  Li; 

y = Al,  Fe3,  Ti  suhordinete,  Cr,  V rarely; 

Z - Si;Al  5:5  to  7:1 


Atoms  represented  by  W have  twe2->/e-fold  coordination,  those  repre- 
sented by  X and  Y have  octahedral  coordination,  and  those  repraocnted  by  Z 
have  tetrahedral  coordination. 

Mauguin  (192?,  1928A,  1928b)  noted  in  his  original  X-ray  studies 
that  the  c-ajcls  of  biotite  was  apparently  only  half  as  long  as  that  of  mus- 
covite and  he  was  thus  the  first  to  encounter  polymorphism  in  the  micas.  It 
remained  for  Hendricks  and  Jeffersori  (1959)  to  give  a full  accovuot  of  the 
scope  and  magnitude  of  polymorphism  in  this  complex  group.  In  all,  among 
100  different  specimens,  they  discovered  seven  polymorphic  variations  which 
ecibrace  three  different  crystal  systems.  They  described  the  seven  different 
structures  (hexagonal,  aonoclinic,  and  tricVlnic)  in  detail  and  showed  how 
nhey  mign!.  De  derived  trom  the  single -layer  form  by  the  application  of  various 
combinations  of  symmetry  operations.  Hendricks  and  Jefferson  (1959)  pointed 
out  tlriat  muscovite  crystallized  in  only  the  two -layer  muscovite  structure,  hut 
Axelrod  and  Grimaldi  (19^9)  have  reported  s three-layer  monoclinic  muscovite 
(see  page  kj).  Levinson  (1955)/  a result  of  vork  carried  out  on  this 
pi'Oject,  has  described  a new  variation  of  the  muscovite  structure  for  which 
the  term  "lithiem  muFcovite"  has  been  prcpoeeu.  These  are  the  only  X-ray 
studies  on  micas  since  the  classic  contribution  of  Hendricks  and  Jefferson 
(1959). 
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III..  X»Pv\Y  TECEJJIQIJE8  FOP.  ISEM'IFIO.ATION  CF  POLYMOKPHS 


It  lies  0-;  ^;5  neceBS&xy  to  dc  a considerable  amount  of  X~ray  vcrk, 
coiisisting  ssainly  of  identifyiiig  tae  structures  of  as  many  micas  as  possible. 
Whenever  possible,  Weissenberg  photographs  vere  taJken  about  the  0-level  a-axls, 
as  this  type  of  photograph  la  unique  for  the  different  polymorphs.  In  laany 
case%  however,  upper  level  photographs  were  taJten  as  further  verification  of 
the  structural  interpi^tation. 


In  determining  the  orientation  of  the  flakes  used  in  the  single 
crystal  work,  an  optical  procedure  was  used  whenever  practicable.  Lines 
corresponding  to  the  desired  crystallographic  axes  were  scratched  upon  the 
cleavage  flakes  with  a razor.  The  exact  positions  of  these  axes  were  deter- 
mined from  interference  figures  and  from  extinction  positions  in  those  micas 
which  have  observable  birefringence  on  cleavage  planes.  For  all  practical 
purposes,  the  crystal Icgraphlc  axes  may  be  assumed  to  correspond  with  the 
extinction  postlon.  However,  many  uiica^  particularly  biotites  and  phlogopites, 
are  uniaxial  or  have  SBiali  2V,  In  this  case  the  orieutation  had.  to  be  deter- 
mined frcjBi  LRue  photographs  or  by  means  of  percussion  figures. 


In  several  instances  crystal  development  was  poor,  crystals  were 
minute,  or  extinctions  were  poor.  This  made  single-ciystal  methods  difficult 
if  not  lsposBible,and  left  powder  X-i&y  K*:ti!Oci.s  as  the  only  study  technique. 
Itofl.ltered  copper  radiation  was  used  in  most  single -crystal  work  and  a nickel 
filter  (with  copper  radiation)  was  used  in  powder  studies.  Iron  radiation 
was  used  vhenevar  pc'wder  photograi^ry  of  biotites  were  taken.  Only  e large 
diameter  (ilk. 6 mm)  powder  camera  is  suitable  for  the  mica  studies.  Poiy- 
mozphs  of  muscovite  and  iepldolite  can  be  distinguiehed  by  means  of  X-ray 
powder  photogi*aphs  but  those  of  biotite  and  phlDgopH.e  cannot  be  urfi'erent- 
iated  by  this  method. 
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In  ever>’'  comp  .lex  niioeral  group  there  exists  a large  number  v-r- 
ietal  names  based  on  major  or  minor  chemical  variations,  optical  distinctions, 
grain  size,  occurrences,  localities,  and  xiie identification.  The  mica  group 
is  no  exception  for  it  is  burdened  vitb.  & surplus  o.f  trivial  names.  The  list  ■ 
that  follows  defines  the  varietal  names  tlaat  have  been  enplojed.  in  the  series . | 
Most  of  these  eu:«  listed  in  Hey  (1950),  ChemicsLl  Index  of  Minerals , but  the 
following  references  also  were  consulted  in  constructing  the  coinplete  synon:/n:y. 

1.  Dana  (l89ii),  A System  of  Mineralogy. 

2.  Chester  (1896),  A Dictionary  of  the  Karnes  of  Minerals . 

5.  Winchell  and  Winchell  (I95l)>  Elements  of  Op tica,l  Mineralogy, 

Part  II,  Description  of  Minerals . 

The  following  scheme  is  enqployed  to  differentiate  the  various  cat- 
egories : 

Synonyms  and  varieties:  lower  case  (e.g.,  adamsite) 

End -members : first  letter  capitalised  (e.g.,  Ferri- 

muscovite ) 

Fseudiomoz^hs : capital  delta  preceding  n.arr-  (e.g.,  j 

Aachluslte  j 

Doultlul  species:  underlined  (e.g,,  anhydrogpuacovlte ) j 

Valid  species,  chem,  varieties:  capitals  (e.g.,  MUSCOVITE)  ; 

Terms  which  are  useful  or  sufficiently  well  defined,  in  the  ■ 

opinion  of  due  aad  should  therefore  be  re-r;:!..  l ; | 

asterisk  preceding  name  (e.g.,  •*M[TSC0VITE ) . 


i 


product  of  topaz,  resembling  steatJte,  but 
near  ?.ud2;  adcs  in  corrrc ix-lon;  pseud omorphc us  after  topaz. 

adamsite;  b/c.  of  mviscovite. 

siga'ijaia-co.liti! . cO  p!.:.-,-.-,- , py; '■  ply.'! litc  or  talc. 


alurglte;  var»  of  mus-c- ' ‘ e near  K2(Mg,Al)j^^_c,(Al,Si)gO2o(0H)]^,  also  contains 
abOM”  Kn  ox.'iee. 
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eaBUBochrysoB : By  a.  of  muscovite, 

mnphl.loglte;  syn.  of  didymite. 

anhydroblot ite ; artificially  dehydrated  hiotite,  natiire  unknown. 
a^hydrontuseoYite ; artificially  dehydrated  muscovite,  nature  \mcertain. 
annlte;  var.  of  l^idomelanc;  syn,  of  hydraxyl-annite. 

anomite:  var.  of  biotlte  with  optic  plane  noiwiil  to  h^is  (see  meroxene). 
aathrophylllte ; "A  mica  (?)"  Hey  (1950). 

Aaspasiolitt;;  aluminosilicate  of  Mg,  an  altered  cordierite, 

I 

aapidollte ; near  (Ka,K)2(Mg,Fe‘^)g^^iX^(0H)j^ 

with  Na:K/^5  and  MgiFe2^5;  near  phlogopite. 

^ 

avalite ; near  K(Al,Cr)j^.(Al,Si)g0gQ(0H)j^;  probably  a mixture  (Chester,  3.896). 

j 

baddeckite*  a ?a;lxt.ure  of  hematite  and  clay,  originally  considered  to  be  iron 
mica  related  to  muscovite  (Schaller  and  Henderson,  1926). 

barium  Muscovite:  syn.  of  oellacherite. 

bariuBi''phlogopite ; var.  of  phlogopite  with  BaC . 

barytbiotite:  var.  of  phlogopite;  2 j[K,Ba)p(Mg,Al)^_^(Al#Sl)30^(0H)|l 

containing  6.84^  BaO  and  also  some  Fe.  AnslysiB  in  Dema  (lo92) 

.sh;:«re  it  to  be  a phlogopite  rather  than  biotite  (Hey,  1950,  p.  l6o). 

■X  O 

basonlte;  near  a hydroblotite  or  a vermicullte;  near  (Mg,Fe^,Fe"=Al)_ 

(Si/.I)p0_(0H)j.’l-l/2IU0  with  Mg  a.nd  Fe  sat2  and  Siatf  5-l/2.  “ ' 

bauerite;  S10~  paeudomorphs  after  mica;  the  nature  of  the  material  is  unknown. 
(Hey,"  1950). 

hiaxial  mica*  ^yr. . of  muscovite, 
bildatiiin:  syn,  of  agalmatollte . 

.BIOTi-TE: 

Abonsdorf f ite ; aluminosilicate  of  Fe^  and  Mg,  an  altered  cordierite,  pinite 

grovep. 


I 
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braraaallite;  var,  of  3.1iite,  aliminosilicate  of  Ne  and  K.{  syn.  is  sod-ixan 
illite , 


buldj'7.^ te : aivaincExi-icel-''  and  K;  probabiy  a nyCir.'A:,~x)tit.e. 


caesium-biotit;:  * vex,  ct  blot-ite  with  es  much  as  31^  CsgO  and  1-1/2^ 
(Hesa  and  Fahaj^  i9:>'<2  ). 


caloiobiotite:  vex.  of  bictite  containing  as  much  as  CaO. 


Acetasvditta:  a.Iumino8llicate  of  Mg,Ca^Na,  auid  K,  pseudomorphous  after 

cordierite. 


cat  gold:  ayn.  of  muscovite j an  early  popular  name  for  gold-colored  mica, 

eatlinlte;  a mixture  of  sericite,  pyrqphyllite,  etc. 
cat  silver:  syn.  of  muscovite. 


chrome  mica:  (l)  syn.  of  fuchsite  (Dana^  1892,  p.  6l4);  (2)  syn.  of  fuchsite 

and  mariposite  (Whitmore  et.  al.,  19^6). 


chroBglimraer:  ayn.  of  chrome-mica  and  fuchsite. 

chromglimner  (of  Schafhfiutl):  in  part  var.  of  biotlte,  near 

,Cr,Al)jj^(AlSi)g02o(^^)l4.i  ^“6  I’est  fuchsite  (hey  1950). 

*CHB0MIAN  MIBCCJVHE:  name  proposed  for  fuchsite  since  fuchsite  has  the  typical 
mxiscovite  structxire  (Whitmore,  et  al.,  19^^). 


XKROMIAN  PHENGITS:  name  proposed  for  mariposite  as  it  has  a high  silica  con- 
tent and  a small  (less  than  li>)  Cr20::^  content.  (Whitmore,  et  al., 
19J^6). 


chromcchre;  appears  to  hr  s3.milar  to  jpuacovite  but  has  more  CrgO^^  and  has  a 
very  small  optic  angle;  it  may  be  a chromian  phengite  (Wincheil  and 
Winchell,  1951). 


'mites  syn.  of  roscoelite. 
eosiaaon  fliica;  syn.  of  muf>ccvi.te . 

Acordierite-plnite:  p 'Itlc  ? • iudosaorph  after  cordierite. 


cryophyllite:  var,  of  zinnwaldite  often  vlth  some  deficiency  in  vhi»Al,Fe) 

groiip;  typically  Li  (Fe^,Fe^)  and  SiC:i  7*  Also  the 

name  has  been  used  for  2 h^/pothetical  end -members;  K2Li2FeAl28i.^3_3 
(OH)ij,  and  ^Fe-i (Hey,  1950). 


•,'ymatoi.ite ; fcuscf-vlte  am  aib;.ue  mixture,  perhaps  pseudomorphous  after 
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danoiirlte;  var.  of  EiUiicovito;  ::.urcov: 


\-s*t  5 T»^ 


water  or  ?aore  easily  rr.’fl:  -^ed  vater  (Vinchell  a.nd  w'iurheil,  1951). 
Folia  lees  elastic;  includes  sost  hydro -niica  in  general;  does  not 
necessarily  contain  more  >n=.ter;  they  ma^*,  however^,  gl^re  it  of?  nsore 
easily  (Dana,  1922). 


didrimite:  syrx.  of  aidymilte. 


didymite:  syn.  of  muscovite. 


ddysyntrihite;  syn.  are  dysintrihlte,  dyssintrihite,  dyssyntrihit;  alumino- 
silicate of  K and  Ha;  pseudomorphous  substance  of  pinite  group. 


Eastonite  (of  Winchell):  theoretical  end  meoiber,  K2Mg5Al2^Si^02Q(0H)j^;  some 

natural  micas  apparantly  approach  this  composition  closely. 


^ileucite;  pseudoaoxphs  of  orthoclase  autid  muscovite  after  leucite. 


epi-sericite:  syn.  of  sericite;  sericlte  formed  in  epi  (upper)  zone  of 

raetaBomhism. 


euchlorite  (of  Shepfaaid);  var.  of  biotite. 

eukangitite ; altnnl nos llicate  of  Mg  and  Kj  a mica  or  chlorite,  not  well  defined. 


luphylllte:  near  (Na,K)Al^Si^O  (OH)^;  may 

muscovite  and  paxagonlte,  or  a brittle  mica. 


be  a mica  intermediate  between 
or  perhaps  a mixture. 


Afahlunite:  aluminosilicate  of  Mg,  Fe,  and  K near  (Mg,Fe^)  A1^S±^0^^2R2^', 

pinite  grov^). 


ferribiotlte:  syn.  of  l^idomelEine . 


,rri -muscovite:  hypothetical  end -member  used  by  Winchell  (1951)  (EoFe%,Al. 

d.  d d 


(OH)j^SigAl202o);  also  b.  Wahl  (1925) (K  Fe5^Siyj,Q(0H)2) 
f'irrititanbiotite:  syn.  of  farrivotanite 


f err iwotanlte : var.  of  bioiiLe  high  in  Fe^  and  Ti  (see  wedanite;. 


ferro-ferri-BEUBcovlte:  syn.  of  monrep  it  e. 


FerrcTphengite : hypotLu  Lical  anu-ra&Eh2r  xiseci  by  Winchell  end  Winchell  (1951) 

(K2Fe2Al3(OH)4Sl7A102o) . 


Fluor-annite:  var.  of  lepidoTiSla  ;e  j the  mica  end-meniber  KFe^^ALSijOTQ?'^. 
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'f  •{  vr'?  *v-Mk->- .i 


j VBr. 


FlucT“icpldoaf.iaiie ! 


SijC^^Fg. 


of  'biotite;  the  nics  end-sjeffiter  Kyhig.FQ‘^)^ll‘^i3,C.,.i'\~^ 
•'.Ts.r  c-*’  3.epidcfTse?.ane;  sud-meafoer  K(Mg,Fe")-^(Ai  ,Fe-^) 


Fluor -aseroK’ere : v®;,  of  blcxite;  t ee  eud-member  KMg;^(Al;,Fe-' 

Fluor -nphlop^opite;  vsr.  of  pblogopite;  the  fluorine  end-?neniber  KFlg^AlSi^O^QF,.. 
Also  the  aoBt  abuiidant  synthetic  phlogopite. 


Fluor-slderophyilite:  var.  ofblotitej  the  end-nsember  KFe^j(AlFe^)Sij02^oFg. 

frauenglas:  syn.  of  muscovite. 

fuchalte:  var.  of  muscovite  with  as  much  as  4.8l^6  CrgOj.  X-rsiy  studies 

by  Whitmore,  Berry,  and  Hawley  (1946)  have  shown  that  fuchslte  has 
the  muscovite  structxire-  They  propose  that  chromian  muscovite  he 
adopted  in  place  of  fuchslte  which  has  no  structural  significance. 
This  proposal  is  entirely  Justifiv-d.  It  lOllowB,  therefore,  that 
if  marlposlte  is  also  shown  to  have  structures  characteristic  of 
phenglte,  the  teiia  chromian  phenglte  or  hezagcrsl  chroaian  phengite 
would  he  appropriate  (owing  to  a high  silica  content). 


gaehhardite:  syn.  of  fuchslte. 

Agieseckits;  aluminosilicate  cf  Mg  and  K;  Bometlmes  appreciable  FeOj  a plnite 

type  pseudosiorph. 

I gigantollte:  a HlvtUi—  of  muscovite  and  hiotitej  pinlte  groxip. 

I 

gilbert ite:  var.  of  muscovite, 

gliraaer:  syn.  of  mica, 

goeschwitzite:  syn.  of  illite. 

,ongylite:  aliaalnosillcane  of  Mg,Fe2,  and  K;  a pinltic  pseudomorph. 

ondlte:  syn.  of  13J.ite;  trade  name  for  illite  clay, 

gumbelllte::  var.  of  hydrow-^scovlte  (Hey,  1950);  a hydrous  silicate  of 
aluminum,  neeir  p'nr  byllite  (Chester,  I896). 

hRiierlte:  a lithium  bearing  mica  (0.5  to  1,5^^  Iii)>  but  it  is  not  clear 

whether  it  should  be  classed  as  a variety  of  paragonlte  or  of 
i muacovlte. 


\ 
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v3r.  cf  biotite  rich  in  Fe'  and  Fe^. 


v-etauT  au'.aii:oE  ill  cate  of  Fe‘  jCa  i'-nd  aJJfealisj  prol'aMy  an  inpiire 


♦nsrptapfeyllite:  group  name  for  thoae  indcae  vbicb  contain  V other  atamE  to 


12  (0,0H,F)  as  dlstingiilEhed  octcX'hi'’llits  SilcaG  vtiich  contain 

8 atoms  to  12  (0,0H,F)^  originaJ.li'  applied  to  museovite  and  lepido- 
lite  hut  nov  applies  to  nuscovlte  only  (and  paragonite)  The  term 
heptaphyllite  is  struct^arally  correct,  and.  is  thus  considered 
valuable. 


heterophyllite ; var.  of  hiotitei  a mica  between  siderophyllite  euid  annite; 

somewhat  lower  in  Fe^  than  sideropiuyllite;  the  name  seems  of  doubtful 
value. 


hescagonaX  mica:  syn.  of  biotite. 


hydrobiotite;  a hydrated  biotite  low  in  K,  Mg,  etc.  and  OH  in  place  of  the 
0.  Also  classed  as  a vemiculite. 


hydromica:  ’'Used  as  a term  to  designate  a micaceous  clay  irdneral  of  comiBun 

occurrence  reseiiibling  sericite  but  having  weaker  double  refraction, 
'"alp in  (1912)  indicates  that  kaolinite  alters  through  metamorphism 
into  hydromica,  thenc-e  to  muscovite.  ...  The  gro;q)  of  hydrous 
micas,  illite,  hydromuscovite  or  glimmerton  has  been  studied  -with 
particular  care  by  Grim,  Bray  and  Bradley  (1937)  'who  proposed  the 
name  illite.  ...  The  ms-terial  has  less  K2O  aaid  more  water  than 
muscovite,’*  (Kerr  and  Hamilton,  19^9  p-  35) 


♦hydromuscovite:  (l)  var.  of  muscovite  higher  in  OH,  lower  K,  or  F and  A1 

than  muscovite  (Hey,  1950 )| 

(2)  general  for  various  hydromicaB  derived  from  muscovite 

(Chester,  1896). 

(5)  This  mineral  seems  to  lie  between  museo»lte  and  illite  both 
as  regards  potassium  content  emi  i>erfection  of  crystallinity 
(Brsjgmn.1.1,  Leach  and  Bannister,  1957). 


hydrophlogopite : a var,  of  phlogopite  high  in  HgO. 


kydrous  mica;  syn. of  hydroElca. 


16  - — 


Hydroxyl -annite:  var.  of  lepidomelane;  the  end-menft>er  lye  g(Al2Sig)02Q(0H)|j^ 

with  little  Mg  (Grigoriev,  1955).  Also  a syn.  of  annite. 

(Winchell  and  Wlnchell,  1951) 
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f liior-biotite , 


H3?^TOXj'-l-'lepid.cj®?Iane : syr-  of  lerpidomeJ.s.:5e.  In  particular  the  F-free 

end  -Eiiesitor. 


Hydrox/i- r;rcxeae;  var.  of  biotite;  the  hydroxyl  end-member  to  be  dietin- 


guibaeii.  ii’om  xxuor-meroxene. 


Hydraxyl-phlogopite:  ayn.  of  normal  phlogopite  so  named  to  distinguish  it 

from  fluor-phlogcpite. 


Hydraxyl-siderophyllite:  syn.  of  normal  siderophyllite  so  named  to  distinguish 

between  it  and  fluorsiderophylllte. 


Ahygrophyllite:  aluminosilicate  of  Fe‘^,Mg,Ca  and  alkalis;  derived  in  part, 

at  least,  from  feldspars;  pinite  group. 


iherite:  (of  Svaniberg,  l8kh)  syn.  of  gigantolite. 


♦iliite;  *It  is  not  proposed  as  a specific  mineral  name,  but  as  a general 
term  for  clay  mineral  constituents  of  argillaceous  sediment 
belonging  to  the  mica  group."  (Grim,  Bray  and  Bradley,  1937# 
p.  8l6). 


iron  Bd.ca:  syn.  of  lepidoaelane  and  biotite. 


i:  lepldolite  near  (Na,K)  (Li,Al)^(Si,Al)g(0,0H,F)2i^  with  Li«Sf  2-l/P 

and  (0H,F)«5. 


Isinglass:  syn.  of  mice,,  partlctilarly  muscovite  and  phlogopite. 


aluminosilicate  of  Fe  and  Na(?);  analysis  in^jerfect  (Hey,  19p0); 
nay  be  near  gllhertite  (Chester,  I896). 


kailgllmmer;  syn.  of  muscovite. 


AkiUinite:  aluminosilicate  of  K;  pseudomorphous  after  spoduci^fje;  p*.  obaii 

I’ienticoi  with  muscovite;  pinite  ;::roup. 


toti.le:  AlT^(S10ii)-;^H^,  extreme  hvrixc-een  end  of  Eriacov'te  aeries  fClAx-Fe, 


lexdite:  syn.  of  r.teatite  and  of  agalmatoiite;  pinite  groiq>. 


^LEPIDOLHE:  K2(Li,Al)^_g(Sig_.^,Al2_l)02Q_23^(F,0E)5^4. 
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lcT)idoi»Biane:  a tana  caaasonly  ei^loyad  for  iron-rich  ‘bictite.  Tbe  tera  has 

been  used  for  biotites  rich  In  Fe-’,  trose  ri  ::b  in  and  those 

with  relatively  large  aiaounts  of  both  Fe^  aod  Fe^  (Heinrich,  19^6). 

lepldoBsoinphlte:  (l)  var.  pheagite  (Hey, 

(2)  a fire,  scaly  jsicaj  the  result  of  the  alteration  of  oligoclaae  t 
(Chester,  1896). 

leucophylllte:  a high  silica  var.  of  axuscovlte;  siioJlar  to  phengitej 

original  analysis  possibly  on  ia^ure  naterlal. 

leverrierite;  may  be  the  sane  as  kxyptotlle  but  of  different  genesis  (Clarke, 

I9lh), 

AUebenerite;  altmlnosilicate  of  alkalis  of  Fe  and  Ca;  a pinlte  groi^D 
pseudonoiph. 

lilallte:  syn.  of  lepidolite. 

lllallth:  syn.  of  lepidolite. 

lithia  sdea:  syn.  of  lepidolite. 

llthlaneiBengllaner:  syn.  of  zlnnHaldlte. 


i 
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lithiangliaBK>r:  syn.  of  lepidolite. 

lithionit:  syn.  of  lepidolite. 

iithionlte:  syn.  of  lepidolite. 

lithlonitesilicffL:  ayn.  of  lepidolite. 

Ilthlujr  sniaeovite:  a hypothetlcsQ.  mica  end-member: 

(1)  Stevens  (195&),  K^LigAl^Si  0^^(0H,F)g5 

(2)  Berggren  (1941 ),  K^LigAlio^^Oi,  ^ P^OH . 

lithium  (Li)-phenglte:  contains  5-02^  Li^O,  SlOg,  1.41^  HgO  «ril 

total  Fe.  1'r.cr"  do  not  permit  It  to  be  ciasReu  ao  s.  pi 

Perhaps  acasewhere  between  musccvits  and  Inp'Jdol  Ite dft'i.cj  llt-d 
Shihata  (1952A  and  1952B). 
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iythrodes:  an  altered  rnpheiiTje:  piv.ito  group. 

nacrolepidollte:  var.  of  lepidolite;  distir^ulahed  from  mlerolep;!0  siite  by 

larger  Z7. 


..... 


mnTtJiB  ' yNivE^firfv  of  mcmQAu 


! sagnasis,  Met’?  Hjn.  o?  TsbJLoaopite, 


I lEsbaAeM.ts i a slea  suppcc^Aly  \n?.tv^n  •^jjecavi'fce  sad  phlogopit®  It?  coKposittonj 
I Beer  (K^Ha)^  (AisFe^Xg)^  sLoi^id  l>t  re&aAly3S&. 

Jsaniiiia.on3,te ; a usKic  oOiC'-sllicate  of  litbiuK  and  alualrstJW  closest  to  lepid- 
olite  in  co«5>08ltion  Lij^2^j^Bj^Si^^^(0E)gj^  (?)i  »Houid  »e  studied 
further j poesibly  not  a mica. 


\ 

I 

i 

t 

! 


mangenese  alea:  sya.  of  aaegani^hyllite . 

aanganese  vuseovitei  syn.  of  ■asgan-auseorite. 

■angiA~er.«e?rrlte : var.  of  muscovite  with  about  2i^  MnO. 

■feaganophjrll:  syn.  of  manganophyiiite . 

mmagancQtayllito  (of  Igelstrom,  idp):  ««  Mat  var.  of  phlogopite; 
ear.  ot  blotite  THey,  19^;. 

Mangaopphylllte  (of  Yoshimura,  1939):  hypothetical  uiica  endnuember  I^tffn^dljj^ 

SijjOgoCOH),^. 

■argarodlt:  syn.  of  aargarodite. 

or  syn.  of  damourite. 

marienglas:  syn.  of  muscovite. 


maripoeite:  var.  of  phengite  (Whitmore,  et  al.,  19**6)  with  high  silica  and 
as  much  as  1^  diec'ussion  of  fuchsite. 

Ktroxene:  var,  of  blotite  vhich  has  optic  plane  parallel  vlth  b-^is  (per-  | 

pendicular  to  010)  as  contrasted  with  arcnlte.  Xoat  blotite  was  s 

considered  of  this  type  (Dans,  1892).  i 

metabiotlte;  syn.  o?  baxierite. 


smtaserlelte:  var.  or  muscovite;  a h/tlrous  silca  classed  under  aai«tt>uiic,e- 


alearel:  mica  pseudomc/iphouB  after  scapollte;  pinltic. 

■icazmlle:  syn.  of  mlcarel. 

microlepidolite : var.  of  lepidcllte  distiiiguished  frora  raacmlepidoiite  by 

its  smnlJ.  optic  euigle. 
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g j.ug'xe  li  te ; near  (IC  ^ l^ci  / /-j  ^ (Fe‘=',M^,Fe-,Al)-  2(3iAl)g02Q(0H)i.  with  (Fe,Mg) 
and  Si«3  6.8ji  belongs  either  to  chlorite  or  mica  groi:^B| 


snonrepite;  |CFt' *a;Fe’ ' ’Si,Oj|^Q(OH)gj}  a ferTO-ferriTOiscovite;  should  he 


^MUSCOVITE;  [KAl2(Si,Al)j^0^Q(0H)g]  . 
n&crite  (of  Thomon,  1836):  ayn.  of  muscavite. 

□atroiibiotite:  var>  of  hiotite  containing  appreciable  Ha. 

natroz^hlogoplte:  var.  of  phlogopite  containing  appreciable  Ha. 

oblique  mica:  syn.  of  muscovite. 

•octophyllite:  grotq>  name  for  those  mlcM  which  contain  8 other  atosns  to  12 

(0,0H,F)  atOBBS.  Biotite,  phlogopite  and  lepldolite  generally  classed 
as  octophyllltes  (see  heptaphyllite). 

odenlte:  syn.  of  odicite,  odite,  and  oderlte.  var.  of  hiotite  (Hey,  1950) 

and  mr.  of  muscovite  (Chester,  1896). 

oellacherite:  muscovite  containing  barium. 

oncqphylllte:  muscovite  pseiadosmirphous  after  feldspar. 

oncoaine:  (l)  alumlnoBillcate  of  Mg  and  K;  a pinlte  groitp 

pseudonorph;  probably  a mixture  of  nniacovite,  qusr'-?:,  etc. 

(Hey,  1950); 

(2)  a cryptocrystalllne  mica  classed  mder  damourite  (Ford, 
onkophylllt:  syn.  of  oncqphyllite. 

I onkoBiu:  syr. , of  ontosine. 

I 

Aooaite:  aluminosilicate  of  Fe^  and  alkalis;  a pinitlc  pseudomorph. 

pagodltei  syn.  of  agalmatollte. 

*5*AKAfiOHnS:  (Na,K)^j^(SigAl2)02Q(0B;|,. 

paropbite:  a pinitlc  rock. 

Fau..-riiithlonlte;  a Lypothetical  Ei'ca  ead-meab<rr  ). 

I ^ , 


I 


I 

f 
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j 'CTESGIIS:  or  ExiscoYa-De  iv  silica  thaa  typical  anacccritcy  ard 

; with  M^.Fe  in  place  of  sosse  Al  f Kg(Mg,Pe^)l^(SiyQ^)02Q(0H')^. 

..2' 


^HLOGCFITS: 


pbolidolite ; aluRinOEilicate  of  Mg;,  Ts'  and  K>  peilapi;  & iluor.Uie»f.ree, 

Al-poor  pbiogopitej  nature  uncertain. 


phyllite:  (l)  (of  Thiebaut,  1925)  syn.  of  pholidolde  (gro\^  name  for  aluminous 

glauconites ) j 

(2)  a general  term  for  micas,  chlorites,  elaya  and  venaietLLites 
used  hy  French  vritersj 

(3)  (of  Thomson,  1828)  usually  regarded  as  identical  with  ottrelite. 

Picrophengite : a hypothetical  mica  end-member  K^MgAlj(SlyAl)OgQ(OH)j^^. 

•pinlte:  a groig)  of  pseudoaorphs , mostly  of  mica,  after  cordierite,  nepheline, 

or  Bcapolite;  Heinrich  (1950>  P.  l35)>  aifter  a study  of  cordierite 
in  pegmatite  concludes,  "Cordierite  that  crystallized  in  the  meg^ 
natic  pegmatite  stage  is  not  in  equUihrium  during  the  hydrothezmal 
stage  and  is  altered  to  pinite,  which  consists  chiefly  o_  muscovite, 
chlorite,  and  hiotite  in  varying  proport5.ons.  This  change  requires 
chiefly  the  introduction  of  potasaium  and  hydroxyl  hy  pegmatite 
solutions . " 

dplnltoid:  aluminosilicate  of  Fe^  and  alkalis;  a pinltic  pseunomorpn. 

Apolyarglte:  aluminosilicate  of  Ca  and  K;  a pinitxc  grvup  pseudomorph, 

poly-irvingite;  a \>ar.  of  irvingite  high  la  Si. 

Polylithionite:  a hypothetical,  mica  end-member. 

polyllthionite:  a lithlvca  hearing  mice  (lepdlolite)  with  high  (as  much  as 

9%  LigO)  lithl  uEi  content. 

potash  ffiicat  syn,  of  muscovite. 

I 

Protolithionite : a hypothetlc^d  mica,  end-sajjaber  (iCunltt,  1922+) ; K.^e,^AlSi,p,,^ 

(OH)i^.  ^ ” 

pro  toll  thlon  its  (of  Ssoidherger) : var.  of  zlrmwaldite. 

pseudohlotite:  an  altered  hiotite  hirh  in  K^O;  prolahly  a hydrobiotlte. 


'i 


i 


pterollte  t a mixture  of  aeglriae  axid  lepidoaselane . 
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; -r-:!.:ii.«A.lits:  syn.  of  p;^iuiophyliite. 

! p>'l.aa;/i:a  lllte;  sj’t:  . of  sericite. 

I 

i p 

I ApyTargillite:  ai-usilnosilicate  of  Fe  ,Mg,  and  e.lkBi,l6;  pinite  ,%roup. 

i 

Ap;,n:rho.Ilte : aluailnosilicete  of  Ca  and  K;  a pinite  group  pseud' isorpb  af’tsr 

anorthite . 

I 

rabengllmmer:  var.  of  zinnwaldite  high  in  Fe^. 

rastolyte:  a hydrated  hiotite  similar  to  voigtite. 

rhombengll mmer ; «yn.  of  hiotite. 
rhombic  mica:  syn.  of  phlogoplte. 

*R0SC0ELnE:  hAB  been  regarded  as  a vanadium  muscovite  vith  as  much  as 

approximately  20^6  = ^2^5?  J^(?»Ai)ij^(SigfiLl2)02Q(0n)j^.:  nsv  data 
is  presented  in  this  report  (p.  212  ). 


rosellan:  syn.  of  rosite. 

roselliwe:  syn.  of  rosellan. 

Arosite:  aluminosilicate  of  Ca,Mg,  emd  K;  a plnltic  pseudomorph. 

rubellsui:  aluminosilicate  of  Mg>Fe,  and  Kj  probably  tin  altered  hiotite. 

8andber^rlte:eyn.  of  oellacherite . 
sarospatakite ; syn.  of  111 lie, 
scale  bt'rne:  syn.  of  lepidolitc. 


schernikite;  pink,  fibrous  var.  of  BU.r::rvl  i-e  occuiring  interg- ..vrn  fei.fch 
lepidollte. 

schupponstcin;  ejti.  of  leyidoliLe. 


^*sericite;  (l)  var.  of  muscovite;  also  includes  much  pinite  (Hey,  1950); 

(2)  fins  scaly  muscovite  united  in  fibrc’is  aggregates  and  char- 
acter! zeu  by  its  silky  luster  (Ford,  19*2); 

(3)  the  naitip  usually  confined  to  vhite  mica  vhich  is  secondary, 
often  the  result  of  alteration  of  feldspar  (it  has  been 
suggested  that  it  contains  less  potash  and  more  water) 
(WlncJtiell  and  Wincheil,  1951)-  Sericite  as  used  by  Winchell 
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and  Winchell  (1951)  is  so  wsll  established  in  the  field  of 
petrography  that  ary  attempt  to  dislodge  or  replace  it  vill  he 
futile,  Gruner  p.  65^'  notes  ^ "The  exceedingly  fine- 

grai'-'ei  mioss,  which  go  under  such  najipes  as  sericite,  iliite, 
and  .lycLromusoovlte,  are  in  a class  hy  tbemseives.  Th.ey  are 
defect  structures  principally  with  regard  to  misaing  alkali 
cations.  What  takes  the  place  of  these  ior,s?  Analyses  show 
definitely  that  as  K decreases  E^O  increases." 


Bhilkinite:  described  originally  by  Merkulcva  (1939)  as  a nev  mineral  but 

shown  by  Tchirvinskii  (19^)  to  be  identical  with  sericite. 

. • 


fllderischer-felB -glimmer:  syn,  of  lepidollte. 

alderophylllte:  var.  of  biotlte  hi^  In  Fe'^  with  little 


sodium- illite : syn.  for  brammallite . 
sterlingite:  var.  of  daaourite. 

taeniolite:  syn.  of  tainiolite. 

♦TAINIOLITE:  K_Mg|^Li-SiQOgQ(F)j^;  the  only  itiember  of  the  mica  group  without 

essential  alumLatai.  Classed  under  phlogoplte  by  Dana  ,,(1926)  and 
under  lepidollte  by  Winchell  and  Winchell  (1951)  • 


talcite:  syn.  of  damoxirite. 

Aterenite:  altnninosilicate  of  Mg  and  K;  em  altered  scapollte;  e,  pinltlc 

pseudotDorph . 

titanbiotite:  syn.  of  wodanite. 

titanglimmer:  original  form  of  titanmica. 

titanmica:  group  name  for  titsriferous  micas, 

titanobiotite:  syn.  of  wodanite. 

triclasite;  syn.  of  fahiunite  (pinitic  peeudoujCirp.h  ; , 
uniaxial  mica;  syn.  of  biotlte, 
vanadinglinmer;  syn.  of  vanadium  mica. 

•'/anadium  mica:  syn.  of  rosccelite. 




} 
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1 irerdite:  iir^mre  fuchsite  used  sa  qji  onia^^ntal  stone* 

j 

roigtite:  ne»r  K(Fe^M^e'^)^(SiAl)gO,^(OH)^’5“l/2  B^O  with  ,Fe^:>ig;Fe^-?sr  5-2;! 

and  Si«ir  5-1/21  prohaciy  a hjilrohiot-ite,, 

TOui^ioite ; a apeclraen  labelled  waddxjite  1-u  tbe  Uniwrsity  of  Htchig>3.o  col- 
lections appears  as  typical  biotite.  Hey  (1950)  notes  that  it  is 
inecai?)letely  described. 

Avllsonite:  alusdnosllicate  of  Mg  and  K;  an  altered  scapollte;  a pinite. 

VGdanite:  a Tar.  of  biotite  containing  appreciable  quantities  of  Ti02 

(ais  nucb  as  12.^). 

votanite;  syn.  of  wodanlte. 


: Kg(F.2l^j.yUe)(Sl6.yU2.i)02o(Fj.  pOHi_g).  There  seems 

be  scxae  confusl^  as  to  whether  zimwalute  is  mors  closely 


«ZIRSWAIJ)ITE  j Kg  (Fe2^_2^g_yU2 ) 

to  be  scxae  confusi^  as  to  whethe 
related  to  biotite  or  lepidolite. 


fkHelaxigar  glinnier:  ayn.  of  muscovite. 

, The  preceding  classification  is  in  general  agreement  with  Bey  (l950)j 

a few  points  of  difference,  however,  should  be  discussed.  Hey  considers 
braanGLlllte,  for  exaq^le,  a valid  species  when  actxuLLly  it  is  no  more  than  a 
BOdium-bearlng  llllte.  His  opinion  on  varietal  names  is  expressed  as  follows' 
(p.  XI): 


"In  the  matter  of  varietal  names,  the  chemical  prefixes  of 
W.  T.  Schaller  (for  exawple,  Plmnbian  aragonite  for  Tar- 
ncTwltzite)  have  not  been  adopted;  certaijiLy  a great  sail- 
tiplication  of  vaiietal  ntants  hia-;ei  on  be«J.1  differences 
in  chemical  eoaposltlon  is  to  be  deprecated,  but  it  seems 
ranecessary  to  discard  such  well-known  names  as 
Fz^iibierglte-,  Pisanite,  or  Ceyionite;  moreover,  i*  is  not 
really  possible  to  draw  a defirlte  line  between  species 
B.nd  varieties.* 


r-bjeetions  to  Hey‘n  position  cm  this  matter  have  bc'eu  v&±se<t 
a,-id  ar«  stevtes.  by  Heinrich  (1951.,  P=  65^*): 

"It  is  unfortunate  that  the  cosnpiler  has  seen  f.il  to  reject 
the  Schaller  System  of  adjcctal  modifiers  which  is  rapidly 
obtaining  geneznl  adoption  by  mineralogists  in  cdl  parts  of 
the  world  as  n satisfactory  scheme  for  freeing  mlneraloglcal 
nomenclature  of  its  present  uxnrieldy’  and  largely  meaniitgless 
agglomeration  of  varietal  names.  It  ia  only  by  apply inr  the 
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,'LftSSIFICATIOR 


A,  or  Mica  Stuiles 

Hypot,hesiee  sd-ranred  prior  to  1924  to  e35>leiii  the  chemistry  ot  the 
Sicas  and  the  other  Hillcates  are  interesting  today  only  from  a historical 
point  of  view  but  a "brief  rdsume  of  them  is  tiseful  in  giving  an  idea  of  the 
developiiient  of  some  modem  theories. 

Silicates  as  a gro^qp  had.  been  recognized  about  I78O  by  Bergnazm. 

He  Included  in  this  division  minerals  of  the  mica,  aa^hlbole^  garnet,  fell* 
spar,  and  clay  groups,  as  well  as  Individual  species.  As  the  discovery  of 
new  silicate  species  continued,  several  theories  were  evolved  to  eacplaln 
their  coaplex  chemistry.  Dsna^s  fifth  edition  of  A System  of  Mineralogy 
(1866)  presented  one  of  the  most  cosgilete  and  widely  accepted  presentations 
in  English  vp  to  that  time. 

Deiih  classified  all  silicates  into  two  large  groiqps — the  sinhydrouB 
silicates  and  tbs  hydrous  silicates,  each  of  which  had  Ita  own  sxibdi visions . 
■Ihe  E’abdivislon  of  the  anhydrcus  stlicates  was  as  follows: 

1.  BlBillcates:  oxygen  ratio  for  the  bases  and  silica  1:2 

2.  Uniflilicutes : oxygen  ratio  for  the  bases  and  silica  1:1 

5.  Suhellicet-’*- - oxygen  ratio  for  the  bases  in  silica  1: 

less  than  1|  mostly  1:2/5 J but  also  l:l/2 
and  1:5/4 

The  following  was  the  general  subdivision  of  the  hydrous  silicates 

1.  The  general  section  of  hydrous  silicates.  Incluaer.  all 
hyd-TTiUB  silicates  except  the  zeolites  and  mafg-erophyllites. 

a.  Bisllicates. 

b . Unis ilicates . 

c.  Subsilicates i 

2.  Zeolite  seotion. 


5.  Maigarophyliite  section. 
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The  baBes,  vith  reference  to  the  oyxgea  ratio  (deflnei’.  by  Dana, 
p.  xl  aa  "the  ratio  between  - the  nuaber  of  atoac  of  osygen  111  • 

ferent  oxygen  eaaqpQunds  present")  for  bases  and  silica,  coo^riae  such  elements 
ns  potacsium,  sodium,  lithium,  magnesium,  manganese,  aluminum,  etc.  In  re- 
let  ion  to  the  element  silicon,  vhich  was  considered  so  etroiigly  negative, 
tbe  oxides  of  the  abave  nauned  elesaents  were  relatively  basic.  For  ail 
! practical  purposes,  the  beises  were  considered  mutually  replaceable,  eight 
to  ten  often  occurring  in  the  sane  coiqiound  conibined  in  either  simple  or 
Intermediate  ratios. 

Most  of  the  micas  were  assumed  to  be  unisilicates  of  the  anhyndrous  ! 
silicate  groiQ),  for  the  terslllcate  subdivision,  in  which  Dana  placed  them  in 
hla  fourth  edition  (185^),  was  proved  to  have  no  existence.  A few  rare 
varieties  such  as  margarodite,  plnite,  paragonlte,  oellacherite  and  euphyllite 
were  placed  In  the  marganphylllte  section  eJ-ong  with  tsilc,  serpentine  and 
other  hydrous  micaceous  minerals. 

Ratios  other  than  for  bases  and  silica  formed  the  foundation  for 
further  subdlvlBlon  within  the  anhydrous  unlsilicate  group.  Chief  of  these 
were  the  RO  and  R2O5  ratio,  as  follows: 

1.  Oxygen  ratio:  for  bases  and  silica,  l:lj 

Phlo'xot.srre  - ory.ren  ratio  for  PO,  Pwr'-r.  between  2:1 
and  5s3; 

Biotite  - oxygen  ratio  for  RO,  ^^03,  about  1:1;  ^ 

Lepidotaelane  - oxygen  ratio  for  RO,  R203>  about  1:5» 

Annite  ~ oxygen  ratio  for  RO,  P^Cj,  i:2. 

2,  Oxygen  ratio  for  bases  and  silica,  l;l-l/4  to  i:2j 
^•uecovitfi  - oxygen  ratio  for  RO,  RgO^,  1:6  to  I:l2 

and  for  RO  + R5O.1;,  SiO^,  mostly  l:l-l/4; 

Lepfdollt.^?  - ojiyeyr.  ratio  for  RO  + SlOg  isostly 

l;i-l/2; 

Crjrophylllte  - o^o^gen  ratio  for  RO  + R20-3;,  SlOg  1:2. 

It  is  interesting  to  note  that  several  re.lal::.v:r.'y  rscer’-.  'Lrxvesti*' 
gators  have  used  slaillar  ratios  as  the  basis  for  their  disf;o?eion  of  mica 
chemistry. 

A Eysteww t‘ ■ ‘ K.t.i.eapt  1,0  txpLsin  the  chemistry  of  the  i..i  as  was  made 
by  Tschentak  (l8j8).  In  brief,  Tschertrak  regarded  the  micas  as  consisting 
of  four  furidamental  molecules  to  which  the  following  formulas  were  assigned: 

1.  P.'gAl^igOg]^  R'  = K,Na,Li  or  H 
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k. 

? .Si 
24  10  3 

AluSElntoB  my  "be  reple-ceja  aj  ferric  jron  and  caroHiluinj  meignesium 
Is?  ^<5,'if.vE,ieat  to  ferroua  iron  and  sanganeae. 


The  first  of  these  forasiliLS  represents  fairly  well  the  cc»5)08ition 
of  KtiflccTlte  except  for  TBchcmsh's  (I878)  use  of  the  dowhle  fora  of  the 
■olecula.  FoUovem  of  Tscheraak  tased  the  foUoviog  foraulaa  to  represent 
the  indlridvial  aolecnles : 

1.  R^jAljSijO^ 

2. 

5.  Hi^Si^O^ 

I. 

given  to  represent  the  fornnxla  of  cowenn  wuspovite, 
•A1)k0^^(0H)p,  the  one  used  tcsday.  Other  ratios 
between  K and  H,  e.g.,  H^Al,Sij022#  vere  also  hypothesized.  The  chief  dis- 
advantage in  the  fomter  notation  is  that  the  true  relationship  between  the 
various  stojas,  e.g.,  substitution  of  aluminum  for  silicon  or  Indivuality  of 
the  liydxoxyl  radical,  is  not  recognized. 


H2KAl^Si,02^  was 
which  is  slmlJ-ar  to  KAl^fSi 


The  other  Tschermak  molecules  represent  hypothetical  coinpo’j"\ds . 

Thii  second  is  a hypothetical  polymer  of  chrysolite  Euid  the  third  is  a 
hypothetical  silicon  hydroocide  which  may  aijBo  take  the  forte  of  the  fourth. 
The  last  two  were  not  analogous  to  any  known  substance,  and  as 
nointed  cut  by  Clarke  (I889,  p.  were  chemically  iaqprobable . Tschermak 

believed  that  the  micas  were  iso3:.orthous  mixtures  of  these  molecules. 


According  to  Dana  (1892,  p.  612),  RaaiJii^laherg  (I878,  I879) 

"Regards  the  micas  as  containing  the  tt;  silicates  RgSiO^t, 
Rj^SiO]^,  RgSiO^  in  various  molecular  relation^  e.g.,  Musco- 
vite is  RjjSiOii  + AI;.Si^O-,p;  the  more  ao idle  kinds  are 
R1VSI4O  » Rj^iO,  + 3^4810^,  which  is  further  written 
®RlUSij^0i5  + + PRi4®^12®45^  which  m:n:p  « 

5:1j5,  7i1j7»  9il'^  it  different  cases.  Similarly  the 
other  micas  are  resolved  into  the  sase  three  silicates, 
and  the  ratios  in  which  they  enter  are  calculated.  That 
thia  method  of  calculation  is  applicable  to  any  silicate, 
however  coa^lex,  is  obvious,  but  it  is  difficult  to  be- 
lieve that  the  results  reached  really  give  the  true  con- 
stitution of  the  coii?)OundB . " 
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Tselienaajs'B  theory  of  the  miea  group  renained  ger.erallj-  in  vogue  and  | 
tincbalienged  until  Clarke  (1889)  proposed  an  alternative.  HJ.iS  hyi^theals  vas 
sonciderad  by  we.ny  to  he  superior.  Dana  (1892,  p,  613)  remarks^  "The  vleTf 
of  Clarke  baa  the  ad'.Tintage  that  it  asGi^es  only  one  nj-pothetital  laolecule,  j 
which,  BiCfeover  > Is  analogous  to  knovr  compound!--  vh.i.ch  play  an  important  part  , 
in  the  Feldspnr  Grci’p."  j 


All  orthcs llicatea  (SiOj^  radiceJ.)  vere  considered  substitution 
derivatives  of  the  normal  salt  Al^(Si04)j  in  which  the  alumimna  is  replaced 
in  varying  aisounts  by  univalent  elements  such  as  hydrogen,  potassium,  sodium, 
lithium,  or  univalent  grot^s  as  Hj^FyAlO,  and  A1F2»  They  are  represented  in 
the  following  foroiulas  by  R: 


1.  Rya,(sio^^).^ 


2.  R^igCsiO^)^ 


5.  R^l(SiOj^)^ 


The  second  of  these  formulas  is  not  essential  ae  it  can  be  regarded 
merely  as  a mixture  of  equail  moleeiilea  of  the  first  and  third  types.  Deri- 
vatives of  the  flrfei.  type  include  R’R"  Al.^(B±Oj^)-^  or  R"^T4(Sl0j^)g.  R" 
reyr-'eaents  magncsiuie.,  iron,  ’ . etc.  likewise,  -/atlves  of  the 

second  and  tbtrd  types  may  1<?  ohtAintd. 


All  the  orthos  ill  cates  twy  he  explnined  by  means  of  the  first  and 
third  derivatives.  Thosa  aica«  with  fluorine  are  represented  by  the  uni- 
valent grottps  MgF  or  Aipg.  Excess  oxygen  is  repreeauted  by  the  uniVeLLent 
AlO  group. 

In  the  case  of  some  muscovltss,  phlogopites,  and  many  lepidolites, 
the  oxygen-silicon  ratio  is  low,  which  indicates  a more  acid  condition.  These 
micas  are  therefore  considered  to  contain,  in  part,  polysilicic  acid, 
Hi^SijOg,  which,  like  or^'r  silicic  acid,  H|.S10|^,  is  tetrsbasic.  Tnis  line 
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of  reasoning,  vhich  is  similar  to  the  one  used  at  that  time  to  explain  the 
plagioclase  series,  necessitates  isomorphou?  niscixibity  between  ortb.osilicates 
and  polysilicates  (SijOg  radical). 

Thus  the  genextil  formxilas  for  all  a:' cas  rasy  he  obtained  from  the 
theoretical  initial  units  Alj|^(S10j^)j  and  Al^iFijOQ)^.  Examples  of  the  ini- 
tial points  of  the  orthos ill cates  and  coiresponding  polysilicates  are  given 

below.:  ^ 

1.  mRjAl5(Si04)j 
dRjAIj (SijOg) j 

2.  mRgAl2(Si04)5 
nR6Ai2(si3q3)5 

5.  mR^(Si0j^)3 

nRgAl(Si^OQ)^ 

Clarke  (1889)  notes  that  if  SiOj^  and  Si,Og  were  represented  by  X, 
then  all  micas  fall  within  the  limits  R3.AI-X,  and  RqA;lX,  , 

Ordinary  muscovite  was  represented  by  the  first  type,  R,Al:^(Si0j^)3, 
in  which  R * giving  HgKAl^CSiOjj^)^.  Phengite,  the  high  silica  musco- 

vite, was  regarded  as  an  Isomorphous  mixture  of  normal  muscovite  and  the  poly- 
silicate H2KAl3(Six0g)3i  other  micas,  such  as  lepidolite,  are  correspondingly 
much  more  cong)licated. 

Kunitz  (192^)  made  the  first  noteworthy  modem  attempt  to  corre- 
late the  chemical  composition  of  the  micas  with  physical  and  optical  constants. 
In  the  course  of  his  work  he  made  52  chemical  analyses  of  various  micas. 

Three  main  isomorphous  groups  of  the  micas  were  advocated  by  Kunitz: 

1.  Alumina  micas,  or  the  rm„'>covite  series,  in  which  alvnninum 
is  replaceable  by  as  much  as  109>  of  Pe-^. 

2.  '%2neBia-ircn  micas,  or  the  biotite  series,  in  which  magnesium 
aric,  ferrou?  l-von  »ire  completely  replaceable. 

5.  Lithia  micas,  or  iithionites:  Here  Kunitz  assumes  a special 
trivalent  complex  group  of  elements  consisting  of  lithium  and 
silicon  in  variable  preportions  (Generally  2Li,  Si),  to  which 
he  assigns  the  symbol  Le.  This  group  is  completely  replaceable 
by  ferrous  iron.  Lithi'-.  micas,  therefore,  may  be  written  as 
KH^Alglifi  (SiO|^ 
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Kunits  (192U)  points  c~:t  that  aesiber'  -f  tb-^-  '’'■^bionite  series  that  j 
I are  rich  in  v'c-ntaln  2ittle  an']  vice  verf:aj  and  recognizes 

that  lepidoiite  can  be  derived  from  muscovite  by  -he  suci-tituticn  of  Li-p-' 
for  AlgO-^.  He  considers  that  there  is  a certain  kind  of  isoiaorphoue  rela- 
tionship betveen  rnagnesiica  (and  ierrous  iron)  and  lithium.  Partial  isc- 
moirphoua  replacements  also  cceux  ir.  the  case  of  Si  and  Ti;  Si  and  Alf  Al, 

Cr,  and  Mn;  K and  JI&',  but  not  betveen  K and  H,  or  Al  and  Mg,  His  results 
show  also  that  with  increasing  iron  there  is  a corresponding,  often  linear, 
increase  in  the  specific  gravity  and  in  the  refractive  indices.  The  refractive 
indices  are  to  some  extent  modified  by  ieomorphhus  replacement  of  fluorine 
and  hydroxyl. 

In  1925,  Hallimond  (1925>  1926,  19-2?)  and  Winchell  (1925,  192?) 
presented  almost  simultaneously  two  new  theories  regarding  the  chemistry  of 
the  micas.  In  his  discussion  Hallimond  (1925»  1926,  192?)  en?)hasizes  two 
main  points,  namely,  that  RO  can  replace  R20^,  and  that  the  invariant  ratio 
of  K^;Si02  is  in  the  proportion  of  1:6.  On  the  basis  of  these  assunptions, 
C8^.culations  sire  made  euad  ideal  formulas  for  variovis  species  and  end-members 
are  given.  The  micas  are  divided  into  two  main  aections;  the  acidic,  which 
is  further  divided  into  the  potash  and  lithia  micas , and  the  basic , which 
comprises  the  biotites  and  phlogopites. 

Tt>.at  RO  can  replace  RpO-,,  Kunitz  (1924  p.  589)  denies  on  valency 
and  theoreticsil  grounds.  Wincheli  (1925^  192? )>  however,  believes  that  the 
ROrRgO^  ratio  is  variable  suid  that  KgO  in  constant,  but  cannot  eigree  with 
Hallimond* s (1925»  1926)  interpretation  of  either  of  these  facts.  Winchell 
(1925>  1927)  observes  that  the  R0:R20^  batio  varies  because  replaces 

MgSiOj  CMgOS.iOg ) and  vice  versa.  Winchell  (1925*  192?)  further  regards  potash 
as  being  constant  and  contends  that  not  only  does  the  K20:Si02  ratio  vary, 
but  that  it  varies  in  a regular  manner  from  1:6  in  muscovite  and  phlogopite 
to  1:5  in  protolithionite  end  siderophyllite  and  to  1:7  in  phengite.  One 
of  the  other  stressed  by  Winchell  (1925,  1927)  in  his  early  studies 

of  the  micas  ic  the  belief  that  isomorphism  depends  on  atomic  volianes  rather 
than  on  the  valency  of  the  elements  which  v&y  proxy  for  one  another  (contrary 
to  The  opinion  of  Kunitz,  1924),  In  the  micas,  fluorine  and  hydroxyl  may 
proxy  for  oxygen;  potassium  does  not  proxy  for  hydrogei-..,  nor  titanium  for 
silicon.  WincheiJ.  (1925,  1927)  used  many  analyses  to  cslc  liate  end-members 
(many  of  which  wore  reviced  in  later  works)  of  the  biotita -phlogopite  and 
muscovite -lepidoiite  series.  In  these  eontiibutions  Winchell  first  used 
j the  terms  iicptaphyjuUlto , (muecovite  ana  lepidoiite  systems)  and  ootdphyllite 
(bictite  system)  for  the  two  main  groups  of  micas  between  which  there  is  no 
isomorphism.  This  is  the  result  of  the  observation  that  micas  fall  into  the 
two  distinct  classes,  the  fundamental  units  of  which  contain  seven  and  eight 
positive  atoms  respectively.  These  terms,  somewhat  modified,  have  how  been 
generally  accepted. 
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1 In  »?  series  of  ten  papers  with  che  general  title,  “Contributions  | 

j on  tbe  Cbemlral  Constitution  of  Micas,’  JaJtoh  (i925<i,S;  1926;  1>27;  1928;  1929A' 
B,G,D|  1951;  1952/  took  an  entirely  different  approach  to  the  chemical 

I and  structviral  profcleias  of  the  micas.  The  laethod  is  based  on  his  theoretical 
and  highly  specvilative  theory  of  the  constitution  of  the  silicates  (1920, 

1921).  A basic  part  of  the  theory  is  that  certain  atoms  or  groups  of  atoms 
are  more  closely  united  than  others  in  a central  atcm,  and  may  lie  in  an  inner 
sphere  of  attraction  while  others  are  separately  ionized  and  are  possibly 
more  remote.  Jakob  (1920,  1921)  concludes  that  groups  in  the  outer  sphere 
have  little  or  no  Influence  on  the  capacity  of  two  minerals  to  form  mixed 
crystals.  TSie  constitution  of  the  silicates  he  refers  to  ceirtain  prototypec 
[S10Jr*(j  and  (siO^R'g  with  or  without  added  SiOg  groups.  It 
now  appears  that  this  tbe^'r;’-  has  no  basis  either  structurally  or  chemically. 


With  the  application  of  X-ray  diffraction  technique  to  the  study 
of  natiiral  micas  between  192 1'  and  1952  (see  section  II  of  this  part),  new 
data  was  brought  to  light. and  with  these  new  facts  in  mind  Vinchell  (1952, 

1955)  revised  some  of  his  previous  studies  on  the  lepidolites  and  biotites. 
Lepidolites  which  bad  been  classed  as  heptaphyllites  are  now,  on  the  basis 
of  Mauguin's  (1927»  1928A,  1928b)  X-ray  results,  regarded  as  octophyllite 
micas  along  with  the  biotites  and  phlogopites.  New  end -members  In  the  biotite 
system  were  given  as:  aimite  5(H]^KgFe^^i.2Si^2j^),  siderophyllJte  6(Hj^K2Fe^Al2^ 

Si^Ogi^),  eastonite  6(Hj^KpMg^l^S1^0  . aM  phlogopite  5(H4::2l-:g|Al 
The  end-members  suggested  by  Winchell  (1952,  1955)  In  these  later  investlatlonsi 
&re  in  essentisLL  agreement  with  the  c:»ncl\islons  of  Berman  (1957). 


In  his  final  paper  on  the  micas,  Winchell  (19^2)  made  his  fourth 
attenq>t  (others  1925,  1927,  1952)  to  correlate  the  chemical  conqposition  and 
optical  properties  of  the  lithia  micas  in  which  he  took  cognizance  of  the 
polymorphism  established  by  Hendricks  and  Jefferson  (1939) • Newly  calcu- 
lated end-menibers  include  polylithionite  (KgLii^AlgSigOgQFj^),  protolithionite 
(KgLiFej^AljSi^^gQFj^),  and  paucilithionite  (KgLi^Al^Si^D^Fi^) . Wlncbell  (I9h2} 
has  also  noted  that  in  most  analyses  of  lepidolite  the  LigO  content  Is 
deficient  by  almost  one  percent.  This,  he  considers  is  d^ae  to  the  presence 
of  t'oriC  i ntsriayered,  but  not  isorcorphously  coabiue.d-  C:USrovlte, 

The  work  of  Ste^^ns  (1938)  is  the  only  other  iiapor tarit  co-nrlrui,’ ■>:; 
to  the  chemietiy^  of  tbe  micas  before  it  was  realized  ubat.  :;he  luicas 
in  many  polyn-oipbl?  fo>w; . This  work  on  the  lepidolites  res aitv'd  in  the  inter- 
pretation of  seventeen  new  analyses  on  the  has  is  of  iaumoryboas  isir-carco 
between  four  arbitrarily  chosen  end -members  They  Fire  polyj  itb  J onite 

(KLlgAlSii^Oj^QFg),  biotite  K(Mfi,Fe,Mg)^Al£i^CJ  lithium  muscovite 

(Kj^LigAlgAl^Si^0|^(F,OH)3),  and  nnisc^te^C^l^AlBito^QCOH^F)^) . 


Volk  (1939)  studied  the  optical  properties  and  chemistry  of  mus- 
covite and  suggested  t'nat  the  variations  in  coag)osition  and  correlations  with 
optical  data  may  be  interpreted  with  reference  to  the  three  end-memibers; 
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potassium  muscovite,  ; pi  -O.-,.  : end 

ferric  iron  muscovite  HiiKr>Fe‘'^AX;^Si£p24«  Xiif?  formula  prcpoL'i=_  I'or  phengite 
is  new  and  was  used  in  order  to  get  satisfactoi-y  ccrrelnti-'r  - • h the  cheinLcal 
HualyBes.  The  ratio  of  H.->?  ' remains  almoEt  constant  in  e.21  three  me'^berB, 

The  chemical  consnitution  and  classification  of  micas  has  also  been 
discussed  hy  Serdiuchenko  (1948ft.).  He  proposed  the  idea  that  an  almost  con- 
tinuous isomorphouB  series  hetween  muscovite  smd  phlogopite  is  characterized 
by  the  replacement  R2^(Mg,— Alg)  in  the  octahedral  laiyers.  The  cooQ)OBi*  . 

tion  of  biotite  is  considered  intermediate  between  these  two  micas,  i.e., 
IsoDozphlsm  exists  between  heptaphyllites  and  octophyllites.  This  idea  stems 
from  the  theory  that  in  the  biotite-phlogopite  series,  isoi&orphlsm  teikes  place 
not  only  between  magnesitnn  and  ferrous  iron,  or  eJ.umlnum,  ferric  iron  and 
chroBiixim,  but  also  between  R^^  and  '9^,  This  latter  type  "characterizes  a 
limited  Isomorphism  in  the  alternation  ...  d<g(QH)2  •••  and  ...  4A1(0H)^ 

...  layers  in  the  lattices  of  the  minerals."  (in  translation.) 

•Hie  concept  of  alternating  layers  with  octahedral  coordination 
having  different  chemistry  is  similar,  in  a way,  to  that  of  Holzner  (1956), 
who  believed  that  biotite  is  intermediate  in  composition  between  phlogopite 
and  muscovite.  Furthermore,  he  suggested  that  the  crysteLL  structure  of  bio- 
tite Is  that  of  alternating  layers  of  these  two  miceui.  Chemically  he  con- 
sidered biotite  as  having  the  a^tproximate  composition  of  two  phiogopites  to 
one  muscovite,  which  is  KM^AIq  gg^(AlSijO^QOH)g,  with  the  usual  isomoiphous 
2'eplacements . 

Serdiuchenko  (1948ft),  moreover,  suggests  broad  isomoiphous  replace- 
ments in  the  tetrediedral  layers  after  noting  that  the  S1:A1  ratio  fluctuates 
widely  from  2.4tl,6  to  3»6:0.4.  Silica  rich  micas  such  as  phengite  and  alur- 
glte  sre  explained  on  basis  of  the  relatively  large  silicon  content  in 
thfifse  sheets.  Selected,  biotites  are  cited  as  exanples  of  micas  intertaedlate 
in  coapoeition  between  biotite  and  muscovite.  Serdiuchenko  (1948ft)  also 
« t&^e»  ( in  translation ) , 

t 

I 'Mn  connection  with  the  presence  cf  polymorphic  modification 

i Ir,  Che  grvav  of  micas,  the  points  of  the  heterostructurai 

I my  be  ranked  on  the  line  of  our  diagram." 

; '(.i-la  Interpreted  as  implying  that  the  variocis  polymorphic  forms 

I of  biotite,  for  exe.3^..Ie,  eure  direct  consequences  of  their  chemical  position 
I between  muscovite  and  phlogopite. 

I 

from  this  discussion  of  the  chemical  history  of  the  micas  it  Is 
clear  that  the  end-nwaber  concept  is  firmly  engraved  on  the  minds  of  many 
ainemlogiats . The  requireaenls  necessary  for  end -members  are  Indicated 
j by  '/.-ineheli  (1925,  194?)  and  Stevens  (1958»  1946),  and  a method  for  cal- 
j the  ratios  oi  end -members  in  the  micas  is  well  explained  and  il- 

; liiBtrs ted  by  Stevens  (19^6).  Heinrich  (1946,  p,  846),  however,  has  f ;.’.nted 
i out  that 

. ^ 
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”Th<?  theoreticai  ’end  -nolecules  • used  lay  Kunitz  (192^)  and  | 

Wiiiihell  (1955)  '.i'  tie  significance  in  the  structure  1 

of  the  hiotite  nor  ceua  variation  in  chemical  | 

cGEjJosition  of  the  euries  he  expressed  adecuately  iu  tf.-rE£  i 

f 4-%o~>  S'  i 

t 

Rabbitt  (l.9^»  p.  284),  in  his  work  on  the  anthrophyllite  series,  ! 
coneiirB  and  notes  that  the  molecular  end-member  concept  is  foianded  on  false 
premises : 


"Ho  such  end-neadoers  in  the  aiqjhibolBB  are  known  in  nature. 

Ho  such  mixing  on  a molecular  basis  occurs.  However  convenient 
it  may  be  to  plot  the  different  properties  in  that  way  it  must 
be  admitted  that  it  engenders  and  perpetuates  a false  notion 
of  the  variations  in  a mineral  series." 

B.  Chemical -Structural  Systematization  of  the  Matural  Kicas 

A workable  systematization  of  the  micas  has  long  been  one  of  the 
aims  of  the  project.  A classification  based  on  structural  and  chemical  data, 
along  with  an  account  of  the  very  voluminous  synonomy  of  the  micas,  nas  been 
coopleted.  In  the  following  pages  this  classification  is  presented. 

The  nvmierous  attenpts  at  mica  classification  in  the  past  have  been 
based  almost  entirely  on  their  chemistry  and  fsiU  generally  into  two  cate- 
gories: (1)  those  enploying  cooplex  quasistructxiral  formulas  (e.g.,  Clarke, 
1889 j Jacob,  1925)1  and  (2)  those  involving  calciilatlon  of  theoretical  end- 
member  molecules  (e.g.,  Tschermak,  1878;  Kunitz,  1924;  Stevens,  1946). 

Berman  (1937)  the  problem  in  more  realistic  fashion  by  correlating 

mica  formulas  with  unit  cell  contents  and  expressed  the  chemical  vurlaiian 
by  means  of  atomic  ratios  of  different  elements  occipylng  eq^uivair:.!  Llrv.c- 
tural  positions.  However,  the  work  of  Hendricks  and  Jefferson  (1939) - 
Levinson  (l953)j  and  others  has  demonstrated  the  coaplex  polymorph! 6e  tix* 

mJcK  groTc'  uid  ins  necessity  for  both  chemical  and  X-ray  studies  or  a 4 

: a biU?is  rc  a sCiUnd  classification. 

of  the  complex  chemistry  of  the  group,  the  numerous  tex- 
tural and  other  rdnor  varieties,  eji:?-  tb«  repeated  mlsappllcaticii  of  naJt’es, 
the  ncnffienolatuj:  . .iuc  iynoaomy  of  the  micas  have  been  pcsdcrcu?.  nud  invoi.-sd. 
The  purpose  of  tMfc  t-rurk  Le  thr^eefold:  (l)  to  present  a reasomble  and.  usable 
subdirision  of  the  micas  into  naturally  occurring  species  and  majoi  varieties 
on  the  basis  of  both  chemistry  and  structure;  (2)  to  review  the  aynonony  of 
the  group  and  thus  assign  minor  varietal  names  or  duplications  to  the  species 
! or  major  variety  to  which  they  correspond;  and  (3)  to  list  those  micas  that 
j are  of  indeterminate  status  owing  to  inconplete  studies. 
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In  the  annotated  classification  that  follows  we  have  used  for  chem-j 
ice.1  "srietlee  the  prefixes  of  Schalier  (1950).  Wherever  poesihle  for  each 
-ntry  V3  (l)  e.  singjlified  fcxmila  hafied  on  2k  negative  ions  in  the  j 

rinit  ..v.'.l;  \2)  lie  iseJor  isosnorphous  substitutions i (3)  the  structure;  (4) 
uots-;;  s;.’."  't;  , 

for  the  structural  varieties,  t .e  method  of  poljTnorphic  notation 
suggeBted  by  Ramsdell  (V}ki)  is  adopted ^ The  symbols  and  their  meanings 
ui?5d  in  this  work  are  as  follows: 

1- layer  moaoclinic  structure 

2—  layc  r monoclinic  muscovite  structure 

2- layer  monoclinic  octophyllite  mica  structiure  i 

3 - layer  monoclinic  structure* 

3 -layer  hexagonal  structure  I 

6-layer  monoclinic  structure  | 

6-layer  triclinic  structure  ) 

2^-lay»r  triclihlc  structure  ! 

l8-layer  triclinic  structure  (Amelinckx,  1952B)  ! 

4 

The  chemlcalHstxuctutml  classification  of  the  micas  is  as  follows;  j 


IM 

2M  muscovite 

2M 

3M 

5H 

6u 

6t 

2kT 

i8t 


Species  1,  Muscovite,  KgA_L|^(SigAlg)0,2Q(Cii)^.  Minor  5fa,Rb,Ce,Ba,  and  Ca  for 
Kj  minor  Mg,Fe2,Mn2  and  Li;  Minor  Fe^,Ti,  and  Cr  for  Al;  minor 
F for  OH;  maximum  U^O  ■ 3 *50^,  occupying  vacant  octahedral  posi- 
tions. Structure:  2M  muscovite. 

Synonyms:  adamsite,  ammochrysos , sj^hilogite,  bieixial  mica, 

cat  gold,  eat  silver,  coimon  mica,  damourlte  (in  part),  didri- 
mite,  didymlte,  ferro»^ferri-auBCOvite,  frauenglas,  helvetan, 
heptaphyllite,  isinglass,  xeLLigliimner,  marienglass,  monrepite, 
nacrite,  oblique  mica,  potash  mica,  scherniklte,  jcweiaatiger 
gl-lairaer. 

I 

Hypothetical  end-rr-ibhiers:  ferri -muscovite,  kryptotile,  lever- 

rier'tJi.  lithlui-;  ;;iuscoviie. 


j 


4 

i 

i' 


) 

i 

i 

.1 


Vsrle  ules.  a.  aui-eo--Ite.  Ba  with  reported  maximum  of  ^.91% 

Bb/i  tOoclr.or,  1911)  for  K,  Str’icture : probably  2M  muscovite, 

material  iatifeled  oaiiacaeriue  from  Tyrol  has  the  2M  auBeovite 
stivctiore . 


*There  is  reason  for  believing  that  the  3 'layer  monoclinic  stjructure  reported 
by  Axelrod  and  yriTraildi  (19^9)  ie  not  truly  monoclinic  but  Just  a distorted 
3 -layer  hexagor.'.a.l  structure.  Thia  paint  is  explained  in  further  detail 
on  page  47 . 
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The  hariuja-ssiscovlte  frow  Pumace,  Kew  Jersey, 

deficribed  by  Bauer  and  Berman  (.1955).  was  examined  by  us  by  means 
of  the  X-ray  po~jfder  method.  The  resultant  pattern  1.?  not  that  of 
a rauscxrrite,  nor  even  that  of  a mica.  The  materlaLl  is  too  fine- 
grained for  detailed  optical  studies  (See  p.  68) , 

Synonyms:  barium  muscovite,  oellacberite,  sandbergerite. 

b.  Manamlan-museovite.  Reported  mEOCimum  MnO  « 2.52^ 

(Ellsworth,  1932 ){  usually  some  Li20  present.  Structure:  2M 

muscovite. 

The  very  fine-grained,  deep  purple  mangan -museovi te  of 
Eskola  (191^)  with  itnO  has  been  checked  by  means  of  X.?ray 
powder  photographs,  and  the  pattern  does  not  correspo.'.^d  to  emy 
known  mica  structrire.  The  photogiraph  shows  seme  quartz  lines; 
see  page  69  • 

Synonyms:  n^uigan^BUScovlte,  manganese  muscovite. 

c.  Ferrlan  muscovite.  Fe+5  with  maximum  of  5.7<>3t  Fe20 

(Tschermak,  I878)  reported,  for  Al.  Structure:  probably  2k 

muscovite,  for  the  "alurgite"  from  Cajon  Pass  (Webb,  1939) 
with  3.32^  ^2^3  been  shown  to  have  this  structure . 

d.  Ferroan  muscovite.  Fe'*^,  with  maximum  of  6.55^6  FeO 

(WOlflng,  1886)  reported.  Structure:  probably  2M  muscovite. 

e.  Chromiem  muscovita.  Reported  maximum  of  4.8l^  Cr20j 

(Whitmore,  et  al. . 1946),  for  Al.  Structure:  2M  muscovite. 

This  follows  the  usage  of  Whitmore  et  al.  (1946). 

Synonyms:  chromgllnmer,  chrome  glimasr,  fuchsite,  gaebhaoxiite, 

verdlte. 


f.  Lithian  muscovite.  K^(Al,Ll)  ca.  5.0  (Sig_^y,Alo.j_ ) 
02o(OH  + F)j^,  LigO,  at  least  3.30^  occupying  vacant  octahedral 
positions.  Usually  small  amounts  of  F for  OH.  Struct\ire; 
modified  2M  muscovite  (Levinson,  1953). 

g.  Phenglte.  K2(Mg,P^)j^(Slyj,A^)02o(OH)4.  High-silica 
muscovite  with  considerable  MgO  (7.96?TPagliani,  1937)  and  in 
some  cases  FeO;  some  Fe^  for  Al.  Structixre;  2M  muscoArlte. 
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In  addition  to  tin  aiuBcorite  and  3H  tnits  of  phengites,  | 
Dr.  fi.  S.  Yoder  has  informed  us  that  some  of  the  sericites  from  j 
Amelia,  Ya.  dnsoi: ■' bed  hy  CT.Tass  (.1955-  have  the  .iM  stricture. 

Ihe  noBeuolfitLire  cf  tiie  silics-rlch  end  of  the  muscovite 
series  as  proposed  hy  Schaller  (1950)  is  regarded  hy  us  as  un- 
satisfactory because:  (l)  there  is  some  evidence  that  the  ori- 

ginal ieucophyllite  (Starkl,  I883)  is  a mixture,  and  in  any  event 
a nev  analysis  and  an  X-ray  study  of  the  type  material  are  needed 
to  check  its  validity;  euid  (2)  the  term,  alurgite,  which  Schaller 
(1950)  suggests  as  a suibstitute  for  Ieucophyllite  in  the  event 
that  the  latter  should  prove  imtenahle,  also  has  been  erroneously 
en^loyed  to  indicate  a normal,  i.e.,  low-silica,  ferrisui  muscovite 
(Vebb,  1939;  Odman,  1950 )•  S-ray  studies,  however,  indicate  tiist 
not  all  true  eLLurgite  is  two-layer  monoclinic  in  structure;  some 
is  three -layer  hexagonal.  Thus  the  term  alurgite  has  at  various 
times  been  used  for: 

(i)  a red  high-slllca  muscOTH-te  with  minor  Fe5  and  Mu 
(Penfield,  1893); 

(il)  a red  ferrian  low-silica  muscovite  (Webb,  1959  and  Odman, 

1950) ; 

(iii)  a manganian  high-slllca  aniscovite  (Winchell  and  Winchell, 

1951) ;  and 

(iv)  a three-layer  hexagonal  polymorph  of  (i),  discovered  by 

Hendricks  and  Jefferson  (1959)  and  verified  by  us  on  material 
from  St.  Marcel,  Italy. 

Because  of  this  confusion,  the  use  of  the  term  alurgite  ..or 
the  high-silica  end-member  of  the  muscovite  series  is  also 
undesirable.  Less  conf’rsioa  accompanies  the  term  phengite, 
which  has  been  generally  eaiployed  to  mean  higb-siilca  riuscovite. 

EypothetieeLL  end -members : ferrophengite,  picrophenglte. 

h.  Hexagonal  phengite  (5H  phengite).  Differs  from  2M 
phengite  (Lg)  in  living  the  three -layer  hexagonal  structure 
(5H)  and  2V  = 0*  - low.  No  well  authenticated  analysis  of 
all -uniaxial  material  is  available. 

ChroBilru  phengite . Cr,  with  maximum  of  O.T^^  CrgO^ 
(Whitmore,  et.^. , 19W),  for  Al.  Structure:  2M  muscovite. 

This  follows  the  usage  of  vraltmcre  et  al.  (19^6). 
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Synoxsyv^ST  ckroTBcchre.  maxiposite. 


'5*  H£xat-;oH&3.  chromlsua  phengite . (;^B  chroBiieir;  pfeec.rfte), 
Fri^Ryy.s’i'bly  cbexaic&Uy  similar  tc  J-i  j liiv.  v'? . v v-i^rec-leyer 
li»-jjiaLg:.y.iiiU.  st^'act-:r«  aiid  i^V  C’  lo:’.  i'c,  analysis  of  ail- 
uniaxial  B»terifil  available. 

k.  Serieite.  Fine-grained  Eaisccvlte.  Structure:  2M 

nuBcorrlte . 

The  term-serlclte  has  been  used  for: 

(i)  'fine-grained  anuBcovlte,  either  primary  or  seeondaiyj 
(ii)  fine-grained  phenglte;  and 
(ill)  hytiromueeovlte . 

Thus  it  cannot  he  defined  exactly  on  a chemical  basis.  Iti' 
remains,  however,  highly  xiseful  as  a general,  nonspecific  term 
for  fine-grained  muscovite  whose  exact  chemical  nature  is 
unknown. 


cles  2. 


Synonyms:  (including  pinltlc  pseudomorphs } . achluslte, 

agalmatolite,  aspaslollte,  avalite,  blldstein,  bonsdorffite, 
catsQ.inlte,  eateurpillte,  cordlerite-pinite,  cymatollte, 
damoiirlte  (in  part),  dysyntrlblte,  eplleucite,  epl-serlclte, 
fshlunlte,  gieeicklte,  gigantollte,  gllbei^ite,  gllsmer,  gongyiite 
helvetan,  hygrophyllite,  iberlte,  ivgitite,  klUlnite,  letrdlte, 
lepldaoorphite,  llebenerlte,  lythrodes,  gsargeirodlte , micarel, 
mlcsunelle,  oncophyilite ,,  ^ncosine,  cnkophyilit,  cnhosin,  oosits, 
pagodite,  parpphite,  plaitc,  pinltoid,  polyargite,  pyknophyllite, 
pyrarglllite,  pyrrholite,  rosellan,  rosellite,  rosite,  shllklnite 
nterlinglte,  talcite,  tcrentte,  trlclaslte,  wllsonite. 

Paragon! te  (Ha,K)2Aljj (Slg,Aip)0.2Q(0E)^^.  Structure:  2M;  probably 

2M  muscovite.  Sclialier  and  Stevens  (19^1)  have  pointed  out  that 
the  aeries  muscovite -paragonlte  is  not  coapletely  represented 
in  nature.  If  intermediate  types  aie  discovered,  it  might  be 
better  to  regard  paragonite  as  sodlan  muscovite  and  reduce  it  to 
varietal  status. 


Synonyms:  hallerlte,  natrongH Timer , pregrattlu,  soda  mica. 

Species  3»  Roscoelite . K2(V,Al)j^(SlgAl2)0gfj(0H)j^.  Kaxlfaum  « (ca.) 

20i».  Structure : IM, 
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Although  roscoelite  has  previousiy  osen  regaraect  rb  a 
vanidiferous  muscovite,  it  deseiares  full  jspvcies  Tanlc  tccausc 
it  is  Btructurelly  distinct  (see  p.  2l2  ). 

Synonyms:  colomite,  vsnadinglimmer,  vanadiua  muscovite. 

Species  k,  Lepidolite.  Kg(Ll,Al)^_g(Sig_.„Al5_j^)02Q_pj^(F,0H)^^), . Rb  and 
Cs  replace  K,  in  some  types  in'considerahie  amounts  thtoO  = 5. 

CSgO  « 1.90^tj  Lundblad,  19^2).  Small  amounts  of  Mn.Mg^Fe'^^Fe 

are  normally  present.  The  OH:F  ratio  varies  considerably,  and  OH 
may  become  negligible. 

Synonyms:  irvingite,  llleillth,  lilalite,  Li-phengite,  lithia 

mica,  lithionglimmer,  lithionit,  lithionite,  lithionitesilicat, 
macrolepidolite,  microlepidolite,  poly-irvingite , scale  stone, 
siderlseher-felB -glimmer . 

Hypothetical  end -members:  paucilithionite,  polylithionite  (in 
X»rt),  prbtolithionite . 

Varieties.  . a.  "Six-layer  fli6n6clinie<  IfepidoXite  {6^  lepidolite). 

LigO  - (ca.)  4.0  - 5.1^. 

b.  One-layer  atonoclinlc  lepidolite  (IM  lepidolite). 

LI2O  » 5.1  - 7.26^. 

®*  Three-layer  hexagonal  lepidolite  (JH  lepidolite). 
Composition  approaches  4b.  Due  to  twinning  (?)  (Levinson, 

1955)..  2V  ■ 0"  - small,  . 

d.  Three -l>nyer  monocllnic  (5M  lepidolite).  LigO  = 4.1^. 

One  exan^le  from  Skuleboda,  Sweden  (s^e  p.  147  )«  ^ 

e.  Maaganian-lepidolite . Maucimum  reported  MnO  = 7»55^(' 

(Shibata,  1952S ) . Structure : nroLably  variable,  depending  on  LI 

content . 

f.  Magnesian-lepldollte.  (c-ited  in  1937).  We  are 

unable  to  determine  if  any  natural  material  cf  this  composition 

nas  Deeu  iUnCCTcXcd.* 

g.  Polylithionite  (in  part).  KgLii^Al2Si80g(5(F,OH)j^.  A 
.con-  and  llthlua-rlch,  thus  aluminum-poor,  lepidolite. 

Structure:  IM.  c 

Species  5-  Taeniolite . XgMgj^LigSigOgQFj^;  Structure:  IM. 
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A 2:^ -;S ..y^ ' ^^^6-7 ’ ^^5-1  • °20  ^^5-S 


The  (Al,Fe^I.i ) gj*oup  'osuaily  contains  6 atcnas  'but  may  "be 
ccnstderably  Acfi.cievit,  S,\.xuiwaldil.e-s  ai'e  chemically  much  more 
cloacly  related  to  the  biotites  than,  to  the  lepidolites.  In 


fact,  there  is  no  sharp  natural  coB5>06itiorai  bourxdary  between 


zlimwaldite  and  lithlan  biotite.  If  a demarcation  is  to  made, 
we  believe  the  line  can  best  be  drawn  on  the  amount  of  Li  and 
suggest  teat  lithium- iron  micas  with  Li  > 1 atoms  per  unit  ceil 
formula  be  regarded  as  zinnvaldltes , those  with  Li  < 1 he  placed 
with  the  lithlan  hlotites. 


Structurally,  however,  the  problem  is  more  coB^lex.  Ho 
zinnvaldites  hare  been  found  with  the  6K  lepidolite  structure 
80  conBimm  in  the  lepidolites.  On  the  other  hand,  the  discovery 
of  a zinnwaldlte  with  a structure  very  similar  to  that  of  lithlan 
muscovite  (p.  20I  ) does  not  permit  one  to  overlook  the  possibility 
of  at  least  some  zlnnwaldites  resembling  lepidolite  structiirally. 


Synonyms:  cryophylllte  (in  part),  lithioneisengllmmer,  poly- 

lithionite  (in  part),  protolithlonite,  rabenglimmer . 


Varieties . 


a.  One'-^layer  mopocllhlc  zinnwaldlte  (IM  zinnwaldlte). 

b.  Two -layer  monoellnlc  zinnwaldlte  (2M  zinnwaldlte) . 


c.  Three -layer  hexagonal  zlnnwHldite  (JE  zinnwaldlte). 


d.  Ferrian  ztnEwaJ..dit&  mazlmum  report  Fe20* 
(Shibsta,  19^77 


10.06% 


Species  7* 


Phlogoplte.  ^(MgFe^)g(SlgAl2)0gQ(0H)]^.  Na  can  substitute 
for  K Aq>  to  nearly  K:I^  « 1:1  (Harada,  1936);  minor  Rb,Cs, 


Ba,  and  very  minor  Ca  also  may  proxy  for  K.  Fe  .ie  almost 


always  present,  but  Mg  predcaainateB  greatly  over  \ Small 
amounts  of  Mn,Fe^  and  Ti  may  be  present.  The  Si:tetr»h?djL-^<.;i 
A1  ratio  may  be  larger  than  6:2. 


There  Is  no  well-defined,  natural,  con5>C6itional  boundsry 
between  ferroan  phlogoplte  and  magnesieui  biotite.  because  be'" 
is  a strong  chrompphae,  micas  of  this  type  even  vi  only  a 


small  per  cent  of  Fe  ore  dark  colored  end  are  taras  commonly 


classed  as  biotitea.  If  a division  is  required,  we  suggest 
that  where  the  ratio  of  Mg:Fe^>  4:2,  the  mlnei*al  should  be 
classed  as  phlogoplte. 
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Synonyms;  aspidolite,  barii.mi-phlogopite,  'baryfbiotite,  hydro- 
phlogopite,  meignesia  mica,  nacronophlogopite,  octophyllits, 
pholidolite,  rhombic  mica. 

Ej'pothetlcal  end-roemDer?  t fiucr-phlogopite,  hydroxyl- 
phlogopite. 

Varieties.  a.  One -layer  monoclinic  phlogopite  (IM  phlogopite).  The 

most  common  type. 

h . TtfO-layer  monocllnic  phlogopite  (2M  phlogopite ) . 

c.  Three -layer  hexagonal  phlogopite  (5H  phlogopite). 

d.  Manganophyllite.  Kg(Mg^_^,Mn2.i,Fe2Q_Q^^Fe5Q_^Mn^Q_j^) 

Structure:  Generally  IMj  some  approach  a three- 

layer  hexagonal . structure . 2M  reported  hy  Hendricks  and  lefferson 

a959). 

Although  some  investigators  (e.g..  Hey,  1950)  class  mangano- 
phyllltes  as  varieties  of  hiotltes,  most  manganophyllites  have 
little  or  no  Fe^  and  only  small  amoxmts  of  Fe5.  An  exception 
is  a iangban,  Sweden,  mica  analyzed  by  Jakob  (iJo.  3,  p.  157^ 

1925A) which  contains  16.94^  FegO^.  Apparently  Mn  is  present 
commonly  as  Mn^,  rarely  as  Mri^. 

Synonyms:  Manganese  mica,  manganophyll. 

Titanlan  phlogopite . K2MgcTi(Si5Al2)02o(OH,F).-;  (Frider, 
1940)  and  i'e^  and  Fe'3  are  minor;  (0H,F)  is  deficient;  0.15  atoms 
of  Ti  are  all»?ttedio  tetrahedral  positions  and  0.34  atoms  to 
octahedral  positions  on  basis  of  original  analysis.  Structure: 

IM. 


Species  8.  Biotite 


V 

\ J,  -w 

P 


,Mg). 


Nii  for 


>A1|.  )0.-n„o;:.(0H,F)i^.2' 

ue  Ne,CH,Ba,Rb,  and  Cs  for  K;  Nin  for  F fo.  )K;  Mg  may  be 

axUiCis  L,  abofeut.  Total  F + OH  may  be  very  low  (Walker  and  Parsons, 

1926). 


Synonyms;  annitc,  anomite,  caeBimu-tiotite,  chroagilmser  (in 
part  ),  eucblorite,  eukanptite,  ferron  iscovlte,  hanghtonite, 

'' trrophyllite,  hexagonal  mica,  iron  mica,  lepidcmslane,  meroxene, 
.latronhlotite,  octophyllite,  odenite,  odlnite,  odite,  oderite, 
pterolite,  xhombenglimmer,  rubellan,  siderophyllite,  titangltmmer, 
titanmica,  uniaxial  mica,  waddolte. 
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V»»riif  ties. 


Hypothetical  end-aiesitjerB : eiyophyilite  (in  part),  eaetonlte,  j 

fluci -finnite,  fiuor-lictits,  f iuor-lepidtTineiRne,  f luor-meroxene , | 

fiuor-siderc^hylllte,  hydroxyl -annite,  hydroxyl -biotita,  hydroxyl-  | 
lop  :.lo5a,-5laiLe,  hydroxyl 'SK;rcrenc.  hydr’ojcyl-.sJderophylllta,  n:-->ngc.r-.o  - | 
phyllite  (in  part),  ; 

One -layer  monoclinle  biotite  (IM  bio'.  i oe) . Ihe  i 

connnon  type, 

h.  Two -layer  aonocllaie  blotlte  (2M  biotite). 

c.  Ttiree-liryer  hexag-^RtO.  (, 5^  biotite). 


d.  Si,x -layer  trieliilc  biotite  (6T  biotite). 

Our  atudieB  of  the  siQriosed  type  6t  blotlte  described  by  Hendricks 
and  Jefferson  (1939)  from  Sterling,  H.  Y.  (U.S.N.M.C3673)  indi- 
cates the  IH  structure.  Dr.  H.  S.  Yoder  has  studied  other  material 
from  the  same  specimen  and  has  found  the  2Si  structure, 

e.  Twenty-fotur-layer  trlelinic  blotlte  (24T  biotite). 

f . E ighteen-layer  trlelinic  blotlte  (18t  biotite),  Aaelinck* 
(1952B). 

g.  Calcian  biotite.  A biotite  from  Kalserstuhl,  Germany, 
has  l4.55it  CaO;  Zaaibcmiui  (1919).  Structure  urtoown. 

The  validity  of  calcian  biotite  as  a major  variety  is 
doubtful.  The  existence  of  Ca  in  the  biotite  structure  has  been 
challenged  by  Jacob  (1929A).  Several  specimens  labelled  calcloblo- 
tite,  from  Italian  localities,  have  been  found  to  h&ve  the  IM 
struct^Bre. 

yerroan  biotite.  Mg  is  very  minor  or  absent,  Fe  is  pres- 
ent fflajnly  aa  Fc-., 

Synonyiius:  kI,V /apiiyllite,  lepidomelane  (in  part). 


i.  Manganian-biotite.  Mn  aa  much  ub  I aiiom  per  unit  cell 

■ I 0i,  , i ^ ^ 

iomuiia-  Fe  piresent  ae  Fe^  or  Fe^. 

J*  Ferrian  biotite.  K2(Fe^j=J’g)5.k^e^2-3^®^ *^>'^'8020-21. 

, , (CH,F)u.* 

Synonyms:  ferribiotite,  lepidomelane  (in  part). 

lepidomelane  is  commonly  employed  for  iron-rich  biotite, 
but  the  term  has  been  used  to  embrace  biotites  rich  in  Fe^, 
those  rich  in  Fe^  and  those  with  relatively  large  amounts  of 
both  Fe^  and  Fe^  (Heinrich  1946), 
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k,  Lithian  tolotltfc.  K2(Fe^,Mg)c,(Li  ,Ai,Fe^)^(Si..^,Ai)g02Q 

Titariian  biotite.  K2(Fe2,%^)^Ti(S.lg,Al2)rCu.^'0H,F)^. 

Synonyms;  ferrititanfeiotite,  ferriwotanite,  titanbiotite,  | 

titanobiotite,  wcdanite , votanite.  Freudenberg  (1919)  reports  j 
a biotite  with  12.5^ 

Both  titanian  biotite  and  titanium  pholgopites  are  rela- 
tively poor  in  Fe^  and  also  are  very  low  in  OH  and  F. 

Hydrous  Micas.  Because  most  investigators  class  these  minereLls  with 
the  clay  group,  their  cryst-al  chemistry  is  not  considered  here.  However,  it  is 
interesting  to  note  that  a new  interpretation  (Brown  and  Norrish,  1952)  of 
the  chemistry  of  one  of  the  species  in  this  group,  hydromuscovite,  postulates 
the  replacement  of  K by  oxonium  (hydronium)  ions  H^0+.  Species  and  varietal 
names  included  in  this  group  are:  bastonite,  brammallite,  bravaisite,  bul- 

dymite,  damourite  (in  part),  goeschwitzite,  grundite,  gumbelite,  hydrobiotite, 
hydro-mica,  illite,  metasericits,  Mg-lllidromica,  rastolyte,  sarospatakite , 
sarospatite,  sericite  (in  part),  sodium-illite,  voigtite, 

Mxcas  oi  ^iid.e  . 

l.  Euphyllite  - near  (ila,K)Al^Si,.02_Q(0H)2;  may  be  a mica 
inteimediate  between  muscovite  and  paragonltej  or  "Brittle  mica  or  perhaps 
a mixttire. 


2.  Mahadevits  - near 

supposedly  betv=fcn  muooovit-?,  xnd  phlogopite  in  composition.  A specimen  of 
mahadevite  has  bec;n  receive-r  ii'ota  Dr.  H,  S.  Yoder.  X-ray  studies  of  this 
material  indicate  bne  li4  phlogopite  s tru-j-ure . 

3 - Manenclcnite  - a borosilicate  of  Li  and  A1  closest  to 
lepidolite  in  cotrpositloo,  Lii^A,l^j^Bj^Si^pg(OH)pi;(?);  possibly  not  a mica. 

4.  Leucophyllite  - a high  silica  phengite;  perhaps  a mixtijxe. 

5.  Anthrophyllite  - a "mice  (?)"  (Hey  1950,  p.  285). 
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II.  MU3C0VII!E 


I.  MUIKEIALOGT  OF  HORMAL  MOSCOVITE 


A.  Chemlatry 

The  Ideal  formula  for  muecoyite  la  !^l4(S16Al2)02o(OE)l(..  Eoveyer, 
all  micas  exhibit  a large  number  of  Isoaorphoua  replacements.  The  following 
laomorphoua  aubatltutlona  are  of  aa^or  proportions: 

for  K— Ha,Bb,Cs,Sa,  and  (Ca) 

for  octahedral  Al— Mg,Fe2,Fe5,>fii,Ll,Cr,V  euad  Ti 

for  OH— F 

for  (SI6AI2) — the  proportion  may  approach  (SI7AI1)  as  in  phengite 

For  normal  pegoatltlc  muacoylte  the  percentages  of  ieoiBorphoualy  sub-| 
atituted  elements  nay  reach  relatively  large  proportions.  >iany  such  micas  | 
with  over  ^ percent  total  iron,  for  example,  have  been  reported  or  are  now 
known  on  the  beta  Is  on  new  spectrochemlcal  data.  It  appears  that  rose  mus*> 
coyltes^  which  are  the  last  micas  to  crystallize  In  the  Ixydrotnermal  sequence 
of  complex  pegiKtltea,  approach  noot  clci>ely  to  the  Ideal  muscovite  coBq>osltlon 
(Heinrich  and  Levinson,  1955)*  They  contain  very  little  Fe2,Fe’,Hg,  or  Kn,  etc. 

Schj^.li'r-v  has  pointed  out  that  the  high-slllca  serlcltes 

(phengitoa)  contain  appreciable  amounts  of  a divalent  element,  usually  l^g. 
Fagilaci  (1937)  r>>portG  a phengite  vith  7 -9b  perc*?nt 

It  has  b«yn  x*eportod  by  i»eTeral  authors  (Clruner,  19W  and  Sudo,  19^9) 
j that  the  flntA‘-gr?s.'.-xa.1  elcaceoug  ailneralfi  whioh  i'o  under  such  namss  as  llllte, 
hydroolca,  eericlte  (in  part)  and  hJttroHIUBc.ovl^9  consBouly  show  a defloleuoy  of 
K and  &n  ex:se«  of  HpO.  Sudo  (19^9)  sbowod  chat  the  (OE)  content  Is  roughly 
inversely  proportional  to  the  combined  content  of  K,Ha,  and  Ca.  Griuer  (194B) 
ivostulatec  that  tbt;  by^froniu?;  ion  (H3O+)  oey  occupy  tlie  vacant  K portions,  and 
Brown  and  Sorrish  supported  this  idea  further  by  means  of  calculations. 

Several  occurrences  In  which  large  books  of  normal  i>egmatltlc  muscovite  are 
replaced  by  fine-grained  serlclte  aggregates  nay  be  explained  by  a hydronlum 
sarlcltlc  mica  replacing  e potsuiBium  muscovite  (Llashcheziko,  1940). 

t 
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For  this  study  l68  aiusaovitee  vere  analyz  trochsaic&lly.  The 

reaulta  are  ahown  in  Table  1. 


TABLE  1 


HEW  SPECTROCHEMICAL  DATA  ON  l68  MUSCOVITES 


Present  In  ^ 
of  eagles 


Bange 


Average 


Fe205 

100 

0.63  - 5.1 

2.904 

100 

0.008  - 1.9 

0.931 

MnO 

100 

0.009  - 0.85 

0.106 

T102 

99 

0.005  - 0.52 

0,128 

CaO 

100 

0.0005  - 0.45 

0.0069 

SrO 

21 

0.001  - 0.005 

0.0005 

BaO 

96 

0.0002  - 1.1 

0.114 

NagO 

100 

0.53  “ 1.7 

1.02 

LI2O 

26 

0.01  - 1.6 

0,089 

E!^ 

0 

' 

- 

Cs2d 

0 

- 

- 

GagOj 

100 

0.003  - 0.062 

0.0219 

SC2O3 

31 

0.001  - 0.011 

0.0011 

C02O3 

37 

0.0002  - 0.0003 

0.0002 

Cr203 

32 

0.0001  - 0.004 

0 .0001 

SnOf; 

76 

0.0007  - 0.10 

0.0067 

V2O5 

65 

0.0001  - 0.036 

0.0004 

F 

Mi 

0.10  - 1.48 

0.2561 

te'Jicovite  Structure 


L"  GgPftyftl  and  Polymorphism.  Jackson  and  West  (1930^  1953)  made 
the  first  data  Hod  study  of  the  strnctiire  of  raica  (muscovite)  and,  in  addition 
c.vn*''ri3ed  greatei  detail  the  structure  of  mica  and  other  layered  silicates 
prorciHod  by  Pauliiig  on  tho  basis  of  his  coordination  theory.  The 

results  obtained  by  Jackson  and  West  (1930,  1933)  on  the  unit  cell  dimensions 
of  iiu,?covite  eu^e  as  follows; 


ao  = 5.18  A, 
ho  = 9.02  A, 
Co  = 20 .OA  A. 


"-nriirmirmiT — iirrr — Tnint  mi  ■umii  ii  ii  im 
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They  SGlectsd  sus  the  g aEgle  iji  coatraat  with  about  100°  choeen  by 

Mauguin  (1927,  192^,  I928B) . !Rie  sonoclintc  space  group  deteralned  by  Mauguin 
as  C2/c  was  verified. 

Ki®  Host  detailed,  study  of  the  aiica  group  as  a abolc;  waa  conducted 
by  EtndriokB  aud  Jefferson  (193.9)  who  fou?;d  nuaerous  polymorphs.  In  all, 
seven  different  polynorphic  sodif  icatiisna  asbracing  the  hexagonal,  eonoclinic 
and  triclinic  syateau  were  found  among  100  investigated  speciaens  of  nas»d 
■leas.  Sach  epedes,  with  the  exception  of  muscovite,  was  found  to  occur  in 
BU>re  than  one  polywsrph.  Biotlte,  for  exasple,  appears  in  five  aodif Ications, 
lepidollte  in  four,  etc.  Hnscovite,  however,  Headrichs  and  Jefferson  (1939) 
found  only  as  the  2- layer  aonocllnic  ssuacovite  type  (2M  nuscovite).  They 
also  found  one  "lepidollte"  and  one  alurgi.ts  with  this  structure. 

nie  dlstinguishizig  feature  of  the  muscovite  structure  is  Its  distor* 
tlon  from  that  cf  the  id^l  aica.  Ihis  is  revealed  by  the  presence  of  the 
reflections,  (06£)vith  i odd,  which  should  normally  be  absent  in  the  Ideal 
arracgMient  on  the  basis  of  the  structure-factor  calrulatlons  of  Jackson  and 
West  (1930,  1933);  FlC*  ^is  distortion  results  from  an  incim^lete 
filling  ~of  the  octahedral  positions  and  is  considered  by  Hendricks  and  Jefferson 
(1939)  to  he  the  factor  pezaltttcg  only  the  2-layered  structure  for  muscovite 
to  fora. 

lies  the  reason  why  Winchell's  (1925,  etc.)  groining 
of  the  micas  into  heptaphylllte  and  octpphylllte  divisions  appears  correct, 
for  these  terms  alii^ly  js.'ian  that  the  unit  cell  contains  seven  euad  eight  atoms 
respectively,  for  twelve  0,0S,  and  F.  Muscovite,  KAi2(A35i3)0io(0E,F)2,  is 
the  type  hepta^ylllte,  and  phlogopite,  KMg3(AlS  13)0^0 (OH,?  is  the  type  I 

octophyllite . This  relation  may  also  he  expressed  by  sayiaag  that  the  hepta" 
phyllites  have  only  2/5  of  the  octahedral  positions  filled,  whereas  tbs  oi.*to-  I 
phyi,iites  have  all  such  positions  filled.  The  presence  of (06/)reflectis--ii‘5  1 

j wi’-  odd  must  Ixply  departure  from  the  Ideal  muscovite  structure  gives  by 
I J'lcxson  and  West  (1950,  1933)*  Hendricks  and  Jefferson  (1939)  reporter}  these 
j reflections  absent  In  the  twO“leyor€»d  biotite-lI]s;e  micas  (2M).  It  foll.ws 
j therefore  that  jeuscovite  (two-layered)  has  a atruct\ire  different  fro®  that  of 
j the  two- layered  blotitea. 

D.tffus6  pcattaring  is  reported  in  all  the  micas  except  miscovite. 

'fhe  acat'^tsi'isK  ta’  in  Ira'^cnbcrg  photographs  along  those  reciprocal 

lattice  line?  In  which  h end  k are  constant,  but  In  which  k is  not  aivieabie 
by  three  (h^kbl,  kb^3n) . Lauo  photographs  taken  norsai  to  the  cleavage  demon- 
strate scattering  in  the  form  of  asterlsm  or  radial  stx^eaks  Mauguin  (1927, 
1928a.,1928B)  first  noticed  this  effect  and  its  significant  absence  in  muscovits^ 
and  theorized  that  it  was  the  result  of  some  type  of  randomness  in  the  posi- 
tions of  the  heavy  ions.  Hendricks  and  Jefferson  (1939)  explained  it  in  terns 
of  coixstant  h and  k indices  with  an  appeirently  continuous  variation  of  the  £ 
index. 
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! This  results  from  a yariahie  periodicity  in  the  stacking  of  mica  layers  in 
j such  a manner  that  niiose  planes  in  vnich  the  k Indes  le  a multiple  of  three 
i are  und listurhad , They  further  state  that  if  one  half  cf  a mica  layer  Is 
translated  by  nb/3  with  respect  to  the  other  Mlf,  it  leaves  the  layer  un- 
changed with  respect  to  itself  but  res'axte  In  a change  of  the  succeesive  layer®, 
This  ia  tbr,  factor  which  permits  polymorphisE  in  th»  micas  (but  in  the  mueco- 
vlto  structure  distortion  prohibits  traxieiation) . Therefore,  cortixiuous 
■catterlng  arises  from  destruction  of  the  lattice  periodicity  perpendicular  to 
the  cleawsigej  resulting  from  a translation  of  some  layers  along  the  b-axls^ 
peu*allel  with  the  claawagej  by  nb/3.  Scattering  has  also  been  reported  in 
other  layered  silicate  Klnerala  such  as  stl^omelane,  wermlcullte^  cronstedlte, 
and  the  chlorites.  Essentially  the  same  explanation  Is  given  for  the  phenom- 
enon In  these  minerals . 

In  our  work  we  have  found  at  least  one  ezeu^le  of  an  apperohtly 
normal  pegmatltlc  muscovite  with  small  amounts  of  diffuse  scattering  (Fig.  2; 
compare  with  Fig.  5).  The  scattering,  however,  is  observed  only  along  the 
02 i reciprocal  lattice  line  (only  0-level  a-azls  photographs  have  been  taken 
of  most  Buacovltes } . Scattering  of  the  type  described  in  tbs  preceding  peu'a,- 
gra;^8  would  require  scattering  along  both  the  02^azxl  o4,£  reciprocal  lattice 
lines.  The  exact  slgnlf Icemce  of  this  type  of  scattering  bee  not  yet  been 
determined.  Noteworthy  perhaps  is  the  fact  the  specimen  (No.  6)  from  which 
the  photographs  of  Fig.  2 vere  obtained  has  a SlOp  content  of  48  percent  which 
Is  about  3 percent  above  normal.  Phengltes  and  other  high-slllca  muscovltes, 
as  will  be  shown  later  In  this  report  are  known  to  crystallize  aa  more  than 
pclysorph:  the  two-layer  normal  muscovite  and  the  3-layer  hexagonal. 

It  Is  suggested  that  specimen  No.  6 may  be  transitional  between  normal  musco- 
vite and  the  high-slllca  muscovltes  that  crystallize  In  several  polymorphs, 
and  the  diffuse,  scattering  may  be  an  embryonic  attempt  at  a stacking  arrange- 
ment other  than  the  2-layer  type. 


In  a recent  paper,  Axelrod  and  Grlma'^di  (1949)  have  reported  a new 
polymorph  of  muscovite  that  contains  three  1' . ore  in  tha  mouoclinic  unit  cell 
and  bias  a very  eosall,  variable  2V  of  from  3"  to  12®.  A portion  of  thie  ana- 
lyzed material  bais?  been  obtained,  sri  a re- study  of  it  subgtantiatea  the  exist- 
ence of  this  puJ'-jiuio.-r:  . However,  there  is  a striking  eimilaxity  between 
the  ^3-lay»re<;-:  aonoclialc  auecovite”  (space  group  C2  determined  by  Axelrod 
and  Grimaldi,  ISAy)  Weisecnberg  photographs  end  these  of  the  3-lay®red  hex- 
agonal mica  polymorph  (space  group  C3il2  cr  C5212  determined  by  Hendrluks  and 
Jefferson  1939;  recorded  for  blotite,  alurglts,  phlcgopits,  2ir*Ttvp].dito  and 
lepldolite.  There  is  apparently  room  for  a difference  of  opinion  in  the 
interpretation  of  the  X-ray  photographs  of  this  muscovite.  Axelrod  and  Grim- 
aldi (1949)  chose  the  former  apace  group  because  of  the  presence  of  dlffueo 
scattering  In  the  (hakal)  zone  lines  of  one  of  the  pseudo  a-  and  pseudo  b-axes, 
for  they  state  (p.  569): 
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Fig.  2a.  Muscovite  showing  soae  diffuse  scattering  along 
02 1 reciprocal  lattice  line.  0-levcl  a>axis.  Compare 
with  Pig.  5. 


Pig.  2h.  Muscovite  showing  -ry  diffuse  scattering  along 
02  IL  reciprocal  lattice  li<i«.  O-level  a>axis.  Another 
photograph  of  same  specimen  as  Pig.  2a. 
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I "Bie  X-'a-j  synmetrTj:  baeea  on  t-ht?  sy®.wvry  of  tb* 

i individual  Weise*nbe-  n yc.tterns^  was  Cp>^  or  . If 

I the  differsr.cotsi'^.  c Iffiiseuees  b--- i.seeiC“^rg 

j^atterns  era  lioglec a threelc  . ’'I?  Is  dasaonstrated 

am  the  ’^ue  Bjmmtry  la  -jd-  -*  prefer,  the  optic 

axial  angle  of  12“  is  not  aacrlbed  to  strain  and  the 
differences  In  diffuseness  are  not  iseglected,  the  Laue 
sya»otry  auat  be  taken  as  C2h  with  tho  structure  very 
close  to  trigonal." 

Many  ffelesenberg  photographs  of  this  polyoorph  have  been  teiken  and 
/studied  by  the  writers  In  eua  atteapt  to  assign  definitely  a space  group  to 
this  Muscovite.  No  distinct  differences  In  diffuse  scattering  along  the  recip- 
rocal lattice  lines  described  by  Axelrod  and  Grimaldi  (19^9)  were  found.  Phys- 
ical. distortion  or  corrugation  of  the  crystals  X-rayed  nay  produce  effects 
that  could  outweigh  the  diffuse  scattering  Inherent  in  the  crystal  structure. 
Although  Axelrod  and  (hrljaldl  (19^9)  consider  strain  unlikely^  we  are  Inclined 
to  favor  this  as  the  cause  of  the  27  of  12 “. 

However,  it  Is  our  opinion  that  the  significant  fact  concernlxig  this 
Mica  is  that  It  contains  ? layers  in  the  unit  cell  and  not  the  fact  that  it  liir> 
aonocllnic  becs.-Ase  of  its  27  of  i?",  r^r  because  of  diffuse  scatterijag.  We  are 
convinced  that  If  xsea’^ureMenta  arc  made  with  sufficient  accuracy.  Many  Micas 
will  be  iahown  to  ti^^cltnic;  by  a few  minutes  or  seconds.  On  the  basis  of 
personal  coaoHunlcatlon  with  several  Investigators  we  have  every  reason  to  be- 
lieve that  the  0 angle  of  the  3-layer  lepidollte  deseflbed  by  Hendricks  and 
Jefferson  (1539)  varies  slightly  froa  90“  and  thus  must  be  considered  as  having 
a sytssetry  no  higher  than  aonocllnic.  (We  have  been  Informed  of  p angles  of 
90 “05’  by  Dr.  J.  Smith  of  the  Geophysical  laboratory  and  90*30'  by  Mr.  S.  A. 
Forman  as  ffiEsosured  cn  photographs  fro»  Eeadri^b?  and.  Jcf xerscn ' « original 
aatsrial).  Hsndrlcha  and  Jefferson  (1939;  .•^owe  of  the  miceB  xney 

describe  as  hexagonal  show  a swall  2Y  and  that  all  give  soae  diffuse  scatter- 
ing, 'Ihey  state,  however-  (p,  7^2),  "'rbere  la  no  doubt  but  that  the  hexagonal 
description  Is  accurate  as  a limit ing  case."  We  eigree  with  thli  ai-  tsiaeial  and 
bolleviiT  that  tb.e  ifeonocilnic  nature  of  i.has!e  3--3-;r&r  airae  Is  pralab^y  due  to 
phfsicftl  v i'.c-  ' iv5  not  u the  mica  structure.  It  May  be  practi- 

cal, In  the  futur;>,  if  p^'oclsion  of  aeasurement  continues  to  Increase,  to 
class  ear;  discuss  jtlcaii  nerei  as  l~iayer,  2-layer,  3-layer,  etc.,  without 
TOgTizd  to  cryy:  -£l  inassiuch  «11  t!<i' i ti-.j.ayer  forsis  might  be  derived 

from  tho  single-layer  forK  by  the  application  of  various  combinations  of 
symmetry  opera  t,ioEx> . 

Postal  and  Adelhelm  (19^^)  have  described  a white  muscovite  of  late 
hydrothermal  origin  from  the  Wissalilctioy:.  -mplax  In  which  2V  varies  from  22“ 
to  50*.  The  explanation  advancGu  is  that  random  shift  in  the  etructui'al  planes 
of  mica  may  have  scsme  bearing  on  the  low  and  variable  2V'.  lu  their  paper,  they 
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iacluda  a Laue  photograph  showing  aatarlaa  which.  If  net  Sue  to  physiLcal 
distortion,  nay  Indlcats  the  existence  of  another  nuscovite  viho«^  itruoture 
is  aherrarrb. 


A atudy  of  the  crystal  structa;'t*»  •viC.  Its,  as  vsll  as  in  mxi:/  ! 

other  nlcas,  was  one  of  the  principal  object®  of  tnlo  study.  Tiiu  W&lHBfcnaarg  | 
■athod  was  used  prlaarllj^aiid  usually  one  photograph  about  the  a>axls  was 
sufficient  to  identify  the  polynorph.  !Ehe  structures  of  about  1^  nuscovltes, 
chiefly  of  pe^gsatltic  origin,  bawe  been  identified  and  include  "nornal"  nusco- 
Tltes,  rose  aoecoTitea,  serlcltes  and  seweral  uncomon  varieties  such  eis 
pinite,  sar^urodite,  adaaslte  and  alurgite.  Alnost  all  have  the  2-layer  aono- 
ellnlc  nuacorlte  structure  described  by  Jackson  and  Vest  (193Q,  1933)  vid 
Hendricks  and  Jsfferaon  (1939)«  except: 

1.  !Qie  3~layer  polynorph  of  Axelrod  and  Gbrinaldl  (19^9) 

2.  Sons  alurgltes  and  o*'hsr  hi£^i-al3Jca  ntfseovitas  a^  jshs'jagltif.ft 

3.  Lithian  nuscovite 

2.  Morphology.  After  X-ray  studios  reTeal.ed  the  prevalence  of 
polyator^isn  in  bhe  micas  it  was  evident  that  the  long  standing  differences  of 
opinion  as  to  the  correct  axial  ratios  end  p angle  were  a natural  result  of 
studies  by  Investigators  unaware  of  the  fact  that  there  are  approximately  as 
msuy  correct  interpretations  as  there  are  polymorphs.  For  almost  a centbry, 
mlnamlogists  hsd  tried  to  obtain  one  sat  of  constants  applicable  to  all  the 
micas,  or  in  other  words,  to  force  unlmorphlsn  onto  a group  now  known  to  be 
characterized  by  polymorphism.  Muscovite  la  the  only  mica  for  which  a set  of 
constants  may  be  obtained,  as  it  alone,  for  all  practical  purposes,  crystal? 
lizer  in  but  one  polymorphic  form.  Hendricks  and  Jefferson  (1939)  showed  how 
tba  P angle,  for  instance,  varies  with  the  number  of  layers  in  the  unit  cell. 

If  structural  identity  is  contained  in  one  layer,  than  tne  p angle  will  be 
100*  (approximately):  if  two  layers  are  required,  the  p angle  will  be  9^j 
and  will  be  90*  if  there  are  three  or  more  layezs  in  the  us.it  cell.  With  these 
problaas  in  ai.ad.  Peacock  and  .Ferguson  (19**5)  reviewed  tiie  whole  field  of 
I jsorphology  of  the  micas  and  muscovlt*  in  partinuiar.  Lii  the  following  dis- 
I cucsicn  constant  reference  Is  made  to  their  work.  G-oiiosetric  measurements 
( of  lepidollte  and  other  aicae  are  few  compared  with  those  for  muscovite,  and 
f i'c.r  ohit  reason  they  are  practlcal.ly  omitted  in  the  xoilowin^i.  i Aacossicn  ' 

Howe  Ter,  a complete  understanding  of  the  morphology  of  mica  will  be  forth-  I 

owing;  as  the  problems  and  methods  ore  essentially  the  same  as  those  for  i 

Ksuacovite. 


( 


Before  attempting  to  -axplaln  the  various  cryBtallogra.phic  Bettings  j 
used  in  the  past  it  would  be  best  to  present  age.  in  the  approx Imate  axial  rat  i os  i 
for  the  more  common  mica  polymorx^  baaed  on  unit  cell  dimensions  determined 
b;  X-ray  methods . 
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One-layer  polymorph 
azlal  ratio 


ao  = 5.5A  bo  = 9.2A  Co  = 10.2A  p - lOO"^ 
a:b;c  = 0.58:1:1.11 


Two- layer  muacovlte 
axial  ratio 


ao  - 5.3^  bo  = 9.OA  Co  = 20. as.  p = 95“30' 
asb:s  = 0.58; 1:2. 22 


Three- layer 
axial  ratio 


a,,  * 5.3A  bo  - 9.OA  Co  “ 30*0^  0 = 90'’ 
a:b;c  - 0.58:1:3*26 


I 

! 

( 


The  flrat  cryatallographle  aettlnga  in  general  uae  were  those  of 
milar,  a^.ISax^^ 

"ia  Broeka  and  Millar  (lS^«  p.  389)  biaxial  mica,  aa 
dlatlaet  from  onlulal  or jn^lj  onlulal  biotite  lo 
deaerlbed  ae  aojuiclinlc,  with  ceJLculated  anglea  which 
give  element  a that  eompaz^  with  the  ratios  of  the  a ingle- 
layered  eonocllnlc  lattice  cell: 

a:b:c  « 0.577^:1:1.1021  * 99°58’  Miller 

a;b:c  = O.58  : 1:1.11  = 100“  Structure 

Thus  Hiller  choae  elcsaents  viiicL  are  appropriate  to 

^ e ingle-layer  micas,  and  may  perhaps  correepoM  to  the 
structural  type  of  the  Vesuvlan  crystal  which  yielded 
the  measurementB,  by  Phillips,  that  were  adopted  by 
Miller.  Eowewer,  Miller's  setting  Is  uiiaaltable  for  the 
two-^-layer  muaccTlte  structure." 

Des  Cloizeaux  (I862,  p.  465)  deyeloped  the  most  widely  used  settings 
for  the  micas . They  were  adopted  by  Tseheraak,  Cana,  Groth,  Goldschmidt  and 
others.  Cana's  (lo92)  i^aluen  are: 


a:b;c  » 0.57735-l:5-3128 


0 » 89“  54  1/6* 


These  mluos  are  in  very  doss  agreeoent  wlt'i  the  values  of  the  3-la'y®r  poly- 
morph ^r\iich  again  are  not  suitable  for  ;^uecovito  and  meat  micas.  However, 
Tscheroak  (3.877#  p.  43)  gave  a special  £?tti:if:  for  muscovite  from  which  the 
foliovl^’  2’utic-s  were  cowput.nd  by  Cana  (l692,  p.  6*fl); 


a:b;c  ■*  0 .5?75: 1:2 .2:175 


0 > 84“  55' 


These  values  axo  In  general  r^sement  with  the  establlsl^  constants  bsused  on 
X-ray  studies.  H»on  theu^b  this  cettiBi  h^}  certain  advantages  in  ala^licity 
of  Indices,  TsehormBde  (1&T7)  finally  dij^carded  it  ami  retuz'oed  to  tb*  in- 
correct settings  of  Des  Cloizeaux  (1862)  in  order  to  be  cons ietont  jfth  other 
measurements.  In  an  ati;empc  at  ^lustlf ication,  Dana  (I892,  p.  620)  remarks: 


'■■2»ae?s 


.ir^sBSBssssmtmssaa 


■1 
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”13x8  poaltlon  here  tAken  la  th&t  f adoptea  by  I 

Tacheraak  (prlr.  Coatr.^  Itej  iS^I)  as  the  soet  a&tiB- 
factorll7  Bhcr»iJ3g  the  relation  to  other  alcae,  the 
chlorltea,  etc." 

Eokscharor  (1675),  sifter  Btnijlsg  mey  -’%&a8ureasent3.  oa»e>  to  the  cajehisiCT.  j 
that  ed.1  the  aleas  vere  wonocllnic  wltha  p angle  of  exactly  H'S  r«Es.r>g  ! 

(P.  235):  I 


"Alle  GlJaaer  uberhaupt,  ohne  Auanabaej  via  d.ls  Cptlker 
ea  bebaiqpteten,  zu  dra  rhoablachec  Syatea  sit  elnes 
■OTioikl  Iniachen  Typua^  odor  rl(£htlger~>?iu  den  scnckll- 
noedrlaehen  Syates  ait  daa  tfiiikel  / (Zvlacben  der  Yer* 
tical-  und  der  Kllnodiagonalaxe)  = 50'0‘0"  gehifipon." 

(Eokacharor'a  angle  )(  la  ncR«  referred  to  aa  B). 

EokacharoT* a axial  ratloa  are  (In  aedam  fora): 

a:b:c  » 0.577^ :l:1.6»^52  ^ » 90 “0‘ 

They  do  not  correapox^d  vlth  any  known  type,  but,  if  c la  doubled,  the  reaolt/ 
a:b:c  » 0.577^:1:3.2904,  coo^area  fayorably  with  the  ^aluea  for  the  3-leyar 
polyfiorph.  Hieae  aettlnga  are  of  loportance  becauae  they  were  adopted  by 
Hlntze  (1897)  ■^11  4he  alcaa  and  by  Bauahauer  (1900)  for  anvcoylte. 

QonloaaBtrlc  aeaeurrasnta  on  moacorlte  hawe  been  aade  by  Marglnen 
(iB47),  Ecdcacharox  (1875)  Tacberaak  (i8T7)»  Bauahauer  (19uo),  ana  Peacock  and 
. Yerguaon  (1943)*  Eeuply  aaaaureaenta  were  often  Inaccurate  and  reaulted  In  the 
propoaal  of  aeveral  doubtful  fonw.  Peacock  and  Ferguaon  (1943)  regard  the 
BeaaiireaentB  of  Bauohauer  (I900)  aa  auperlor  and,  after  the  tranajforaatlon  of 
hla  eleaante  froa  the  unaultable  aettlnga  of  Eokacharoy  (1873),  calculate 

a:b:c  - 0.5764:1:2.2372  & - 95*39' 

which  la  considered  repreaentatlva  of  the  gor.>B0trlcal  aleaenta  of  Muscovite. 

JX'.  aeasiareaenta  of  tJip'fr  eswr.^  I--  x h.  and  Forg  'S'.c  (194?  i have 

recorded  the  forma  c,b,a,y,p,h,4',  o.  Thia  following  ri=Mje  tte  go^i« 

owetric  wasureaents  for  the  fariaa  they  found. 
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TABLE  II 

PEACOCK  ASD  FERGUSON  (19*<-5) 
MEASUREMEJ^TS  ON  MUSCOVITE 


Form 

Measured 

Mean 

Calculated 

cb  = (001): (CIO) 

89*57  1/2’ 

90°00’ 

cy  = (001): (021) 

77  15 

77  20  1/2 

cm  = (001): (110) 

85  02 

85  06 

c€  = (001): (112) 

61  45 

61  53 

CO  = (001): (111) 

72  46 

72  46  1/2 

ch  = (001): (112) 

69  54  1/2 

70  03 

cp  = (001): (111) 

82  13 

82  06  1/2 

Other  forma  have  been  eatabliahed  by  other  invest igatore  but  w«»r« 
not  found  on  the  cryatala  JEeaaured  by  Peacock  and  Ferguson  (19^5)=  They  con- 
gist  of  (eifter  tranaformation) ; 

n(L30)  reported  by  Meurginac  (1847)  and  Tachermak  (I87T) 

e(Oll)  reported  by  Tachermak  (1877) 

x(131)  reported  bv  Tachermak  (1877) 

Calculated  anglee  (by  Peacock  and  FargLiaon,  1945)  for  theoe  forme 

are 


cn(001);(130)  87“  10' 

ce(001):(011)  65481/2 

cx(001):(131)  85251/2 

Doubtful  forma  are  (052)  (502}  and  (22i^ 

Peacock  and  Ferguson  (1945^  P-  75)  illustrate  a atereographic  pro- 
, lection  of  the  eatabliahed  forma  for  muacovite  and  also  show  a draving  of  a 
crystal  which  coneieta  only  of  the  forma  observed  by  them  (Figa,.  5»  4). 

Twinning  in  muacovite  ie  common  and  ie  generally  described  according 
to  the  mica  law.  lu  this  law  (Ford,  1932)  the  twin  plane  la  in  the  zone  cM 
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001a221  and  normal  to  c(OOl),  with  (001)  aa  the  composition  plane 
Ferg\xaon  (19^5)  state  this  law  in  a more  general  snanner  (p.  lb): 


Poaccck  and! 


’’The  two  individuals  are  in  contact  on  a common  plane  c(OOl) 
and  symmetrical  by  reflection  in  a plane  (hh<t)  which  is 
i:«rp9ndlcular  to  c(OOl).  Reflection  in  (hh^  a "right'' 

twin  which  ia  distinct  from  a "left"  twin  result l.Tig  from 
reflection  in  (hlTZ).'’ 

In  the  Betting  adopted  by  Hintze  (I897),  for  example,  the  reflection 
plane  ia  (110)  which  in  the  correct  muscovite  setting  is  (531).  On  the  basis 
of  the  new  geometrical  elements  for  muscovite.  Peacock  and  Ferguson  (19^3) 
have  shown  that  the  twinned  crystal  is  not  symnetrical  by  reflection  in  the 
basal  plane  (001)__for  the  calculated  angle  (001):(55T)  = 89*  22  I/2*  . 

Reflection  in  (351)  would  this  require  an  angle  of  1*  15'  between  the  basal 
clea'vagea  of  the  twin  elements.  This  discrepancy  may  be  avoided  by  defining 
the  twin  law  of  muscovite  as  twin  eutis  j^l^  » composition  plane  (001).  The 
basal  planes  of  the  'two  individuals  are  tEus  brought  into  exact  x>&rallelism. 


Another  type  of  twinning  of  more  importance  to  this  study  may  explain 
the  occurrence  of  uniaxial  (and  small  2V)  muscevites,  such  as  that  described 
by  Axelrod  and  Grimaldi  (19^9),  and  lepldolites.  It  may  be  defined  as  twinning 
axis  ^0^  and  oompoaltlon  plane  (001)  and  ia  discussed  in  detail  with  refer- 
ence to  uniaxial  lepidollte  (page  135). 

3.  Interferometric  Data.  The  work  of  Tolansky  (19^8)  has  demon- 
strated that  it  is  possible  to  obtain  some  information  on  various  character- 
istics of  mica  by  means  of  the  application  of  multiple-beam  interferometric 
techniques  using  Fizeau  frirges  and  fringes  of  equal  chromatic  order.  Data  may 
be  obtained  regarding;  (1)  eiceediiigly  minute  topographic  details  of  cleavage 
^^ui'i'aces,  including  the  direction  of  the  clea'vage  step  and  the  height  of  the 
step,  (2)  the  thickness  of  the  mica  sheet  studied,  (3)  the  birefringence 
of  the  mica  over  a rather  exteMed  wave-length  range,  provided  the  refractive 
index  is  known  for  one  wave  length,  (k)  identification  of  various  types  of 
inclusions,  aicoog  thorn  solid  inciujlons  of  other  minerals  and  vacuoles.,  ajid 
(5)  variations  in  chemical  composition 

There  has  also  been  an  attempt  to  correlate  the  structure  pa'  ?rnB 
as  r-f^vealed  by  multiple-beam  interferograms  of  doubly  ellv.red  mica  cheers  with 


1 electrical  power  factor  and  ulolectxlc  strength. 


fn.-.  T A ^ ITT  -*  r 


H c*  a A Anvur*.  r . 1*  cwS 


that  muscovite  from  different  localities,  for  example,  Bihr,  India  i®u6c.0''it8 
as  nompared  with  Brazilian  muscovite,  gives  different  and  typical  interferomst- 
rl.:.  patterns  that  are  characteristic  within  a moderate  range  of  variation.  He 
has  also  attempted  to  show  that  these  patterns  differ  among  the  various  mica 
species:  tlis.t  muscovite  j^tterns  differ  from  those  of  phlogopite  and  biot  ite. 

The  differences  in  pattern  are  due  to  variations  In  three  features:  (1)  tl.e 


i 
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vaviatlu^n  i.n  average  size  of  the  area  of  uniform  color  tint,  (2)  the  number 
of  inciuslore  per  cubic  cent ijieter,  and  (3)  the  average  size  of  the  incluaiona 

I Tha  corrsltvion  between  interferometric  pattern  end  electrical  prop- 

j ertiea  Is  ae  yet  apparently  not  complete  or  else  the  published  reeulte  have 
not  come  to  the  writere'  attention.  However,  it  ie  suggested  that  a correla- 
tion may  be  expected  between  the  dielectric  power  lose  of  the  mica  and  the  j 
number  and  size  of  the  inclusions,  which,  although  they  are  often  transparent  i 
because  they  consist  either  of  liquid  or  gas  or  a combination  of  the  two,  are  | 
nevertheless  strikingly  revealed  by  the  interferogreuns . Although  this  tech.- 
nique  gives  promise  for  a very  exact  grading  of  muscovite.  It  remains  to  be 
demonstrated,  in  our  opinion,  that  the  distribution,  number,  and  size  of  these 
inclusions  is  relatively  invariable  in  single  sheets,  in  single  books,  or  in 
books  from  single  deposits,  or  else  is  variable  within  rather  narrow  limits, 
so  that  a technique  that  employs  mica  films  of  the  order  of  0.01  mm  in  thick- 
ness can  be  said  to  sample  effectively  either  a single  book  or  a deposit  with- 
out requiring  em  Inordinate  nimber  of  samples. 

This  technique  has  also  apparently  demonstrated  that  a few  varieties 
of  mica  consistently  can  be  cleaved  to  yield  relatively  large  areas  of  very 
uniform  tint,  which  according;  to  Tolansky,  Implies  that  the  mica  over  this  area 
has  been  cleaved  true  to  a single  molecular  plane,  not  only  on  one  side  of 
the  film,  hut  on  both  sides  of  it.  Such  perfect  mica  sheets  are  of  value,  as 
windows  or  absorbers  in  radioactive  experiments.  One  of  the  micas  tested  by 
Tolansky,  which  was  from  Tanganyika,  showed  a uniform  ELrea  of  26  cm®. 

It  would  be  very  interesting  to  explore  further  the  results  obtained 
by  multiple-beam  interferometi Ic  techniques  using  a much  larger  number  of  sam- 
ples from  a great  many  different  localities  closely  correlated  with  chemical 
analyses  and  optical  studies. 


Within  the  past  few  years  a rather  considerable  amount  of  study  has 
been  undertaken  with  respect  to  the  screv-dlslocatlon  theory  partly  by  means 
of  interferometric  methods.  The  theory  and  mechanism  of  growth  by  this  method 
have  been  deBcr  itaed  in  detail  by  Frank  (1949).  Dislocations,  have  been  '©ports 
by  various  investigators  in  single  crystals  of  beryl,  silicon  carbide,  paraffii^ 
and  very  recently  in  mica?  (A.mellncfcx,  1952A).  Apparently  difilocatlons  may 
explain  not  only  certain  external  features  such  as  spii-als,  but  also,  according 
to  its  advocatea,  pol3nDorphism  in  SIC  and  the  micas.  Briefly,  the  theory  ex- 
plains growth  in  natxu^i  crystaie  whereby  the  process  of  nucieatlon  proceeds 
in  such  a manner  that  a spiral  effect  is  produced;  important  factors  in  this 
process  include  height  of  the  unit  cell,  supsrsaturatlon,  and  so  forth.  It 
appears  quite  larohable  that  future  work  along  these  lines  may  yield  important 
information  concerning  the  cause  of  polymorphism.  The  results  reported  so  far 
are  quite  convincing. 


t M ISSSsi; 
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C . Optical  Properties 

!.•  Ices  and  2Y.  For  norxei  inuscovite  the  general  ranges  of 
indices  of  refraction  are  as  follows;  a = 1.552“l>57^j  0 = 1. 582-1.610, 

= 1.587-1.616.  = 0.056-0.049.  However,  values  both  below  and  above 

these  ranges  have  been  measured  and  reported . For  example,  values  for  a as 
low  as  1.542  and  1.544  are  recoraed.  Values  for  3 as  low  as  1.579  sikJ  for  IT 
as  low  as  1.578  have  been  reported.  2V  = 50'’  to  47°,  but  some  phengites  have 
2V  that  range  from  about  20°  to  essentially  0°.  All  muscovite  is  (-)> 
a A c = 0*  to  -2°,  3 A a = 1°  to  5“,  )f  = b.  The  optic  plane  is  normal 
to  (010)  r>v  weak  to  distinct. 

a.  Variation  of  optical  propert iea  with  coag)osltion;  There  have 
been  several  attempts  to  relate  the  variation  in  refractive  indices  and  27  to 
vBurlatlons  in  chemical  composition  in  the  muscovltes.  Some  of  the  more  notable 
attempts  are  those  of  Gadek»  (1938)  who  drew  an  essentially  straight  line  show- 
ing a direct  increase  between  values  for  0 eu}d  weight  percent  Fe203,  embracing 
only  six  points.  A more  elaborate  attempt  has  been  made  by  Winchell,  emd  the 
moat  recent  results  of  his  efforts  are  embodied  in  Fig.  254  of  his  textbook 
(Winchell  and  Winchell,  19:' i;  P*  368).  Wincrtll  correlates  variation  in  opti- 
cal and  physical  properties  with  percentages  of  thi'ee  "end-member"  molecules, 
muscovite,  picropb.engite  ar.d  ferrimuscovibe.  His  diagram  shows  an  essentially 
straight-line  relationship  between  increasliig  0 Index  of  refraction  and  content 
of  ferrimuscovlte  molecule.  Another  noteworthy  attenpt  at  correlation  has  been 

by  Volk  (1959).  • 

It  is  certain  that  the  refractive  indices  increase  markedly  with 
relatively  small  increments  of  ferric  iron,  but  it  also  seems  likely  from  our 
studies  that  a lesser  rate  of  Increase  is  brought  about  by  increasing  ferrous 
iron.  Thus  the  refractive  indices  of  muscovite  increase  considerably  with 
an  Increase  in  the  Fe^:Al  ratio  and  also  increase  to  a lesser  degree  with  an 
increase  in  the  Fe^rMg  ratio.  Verj  likely  the  substitution  of  Mn  for  Mg  also 
brings  about  a slight  Increase  in  the  refractive  indices.  Many  muscovltes  con- 
tain both  ferrous  ana  ferric  iron,  and  the  difference  in  the  amounts  of  in- 
case of  the  refractive  indices  caused  by  equal  number..i  of  ferrous-iron  atoms 
a).d  ferric- iron  atoms  has  not  yet  been  established.  We  have  made  numerous 
plots  of  p values  against  weight  percent  FeO,  against  weight  percent  FeqOj# 
ag".in3t  weight  FeO  + equivalent  Fe203,  and  age-inet  weight  percent 

AX2O5,  and  although  all  of  these  eluplay  a general  trend,  none  shows  e satie- 
factory  direct  relationship  between  increasing  refractive  indices  and  either 
increasing  weight  of  the  oxide  or  decreasing  weight  percent  of  the  oxides, 
the  latteDT  in  the  case  of  AI2O3.  For  these  plots  we  have  employed  as  many  as 
about  60  analyses,  including  those  of  Kunitz  (1924),  Jakob  (I925B,  1929A,  1929C) 
and  Volk  (1959),  me  well  as  some  of  our  own  and  some  by  other  investigators. 

One  thing  ueems  evident  from  these  plots,  and  that  is  that  there  is  a tremen- 
dous divergence  in  the  quality  in  chemical  analyses  of  muscovite.  Possibly  ; 
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also  the  results  indicate  that  there  is  a ccr^^ierahle  variation  in  the  degree 
of  accuracy  of  the  measurement  of  refractive  Indices  of  muscovite ^ 

Probably  the  above  relationships  hold  for  the  birefringence  which 
Increases  markedly  with  an  increase  in  ferric  iron  and  to  a much  lesser  extent 
with  increasing  ferrous  iron  and  manganese , 

The  size  of  the  optic  angle  decreases  in  a general  way  with  an  in- 
crease in  magnesium,  but  also  decreases  in  a general  way  with  an  increase  in 
ferrous  iron  and  possibly  also  ferric  iron.  Conversely,  this  relationahij:  rti^j 
be  stated  by  saying  that  those  micas  which  most  closely  approach  the  ideal 
composition  of  having  little  or  no  magnesium,  ferrous  iron,  or  ferr  ic  lr*or, 
are  those  with  the  largest  optic  angles. 

We  have  also  plotted  and  2E  values  measured  ou  micas  analyzed  by 
Volk  (1959),  Jacob  (I925B,  I929A,  I929C),  Kunitz  (192l»-)  and  others,  as  well  as 
micas  analyzed  specifically  for  this  investigation,  against  weight  percent 
F6203,  wei^t  percent  AI2O3  and  weight  percent  Fe205  + FeO,  and  again,  al- 

thou^  general  trends  are  apparent,  the  results  are  feu:  from  expraehible  as  a 
strai^t-line  f^incticn.  It  is  Interesting  to  note,  however,  that  if  one  plots 
the  2E  values  obtained  by  one  Investigator,  in  this  case  those  of  Eunltz  (1924]^ 
against  the  results  of  his  emalyses,  a much  closer  approach  to  a straight-line 
function  is  obtained.  This  may  again  indicate  a considerable  difference  in 
quality  in  both  the  chemical  and  optical  results  by  different  investigators. 

• These  general  opt IceQ. -chemical  relationships  are  bom  out  by  the 

recent  study  of  Heinrich  and  Levinson  (1955)  cai  rose  muscovltes.  These  musco- 
vltes  approach  very  c3.osely  the  ideal  muscovite  ccmposltioQ,  containing  gener- 
ally less  tlian  0.5  percent  of  combined  Fe205,  FeO,  MnO,  and  MgO.  They 
canslstently  have  sli^tly  higher  2Y  values  than  other  musoovltes  and  have 
consistently  lower  refractive  indices  then  other  muscovltes. 

b.  Changes  of  optical  properties  with  temperatvire : Rlnne  (1925) 

has  reported  that  muscovite  becomes  almost  uniaxial  when  heated  in  cir  for 

about  three  novra  at  lOOO^C . A second  heating  at  lOOO’C  restores  the  original 
2E.  This  ".ransformation  may  be  acc crapanled  by  struct’oral  changes,  the  char- 
acter and  extent  of  which  are  aa  :,et  uckriown. 


We  attempted  : r=“peat  this  phencmienoa  but  were  unsuccessful.  About 

two  dozen  runs  wcr-j  made  •’mdsr  varioue  condltiorio  (i.f.-.,  in  air  and  vacuum) 
in  a high -temperature  furnace  capable  of  maintaining  e temperature  as  high  as 
120C®C  within  2 or  5 degrees  indefinitely.  The  resnii.w  Indicated  that  at  about 
YOO’C  the  specimens  (muscovite)  change  considerably  in  external  physical  appear^ 
ance  thruu;jh  the  lc"3  of  color  and  through  expansion.  A decrease  In  2V  aiao 
accompanies  the  physical  changes.  It  appears  logic;!  to  assume  that  ■sdien  ;?ater 
Iq  driven  out  of  the  structure,  or  the  iron  Is  oxidized,  the  above  changes  take 
place.  On  cooling  or  reheating,  the  micas  did  not  resume  their  original  prop- 
erties. 
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others  have  studied  various  other  physical  and  stioictuxal  effects 
on  micas  heated  to  various  tc-mperatxires  under  varying  conditions.  Povell  and 
Griffiths  {1937)  noted  that  the  thermal  conductivity  of  muscovite  varies  little 
up  to  temperatures  of  600®  (the  maximum  tested) , vhereas  the- 1 of  phlogopite 
decreased  as  much  as  I/3  the  initial  value  at  200"C.  On  cooling,  the  reversi- 
bility vaa  incomplete.  Wood  (1957)  showed,  by  means  of  X-rays,  the  interde- 
pendence of  thermal  and  structinral  characteristics.  Thwee  phlogopites  which 
exhibited  a decreeise  in  thermal  conductivity  at  eletrated  temperatures,  also 
I showed  displacement  of  the  elemental  units  (layers)  from  the  normal  position 
at  approcclmately  the  same  temperature.  Apparently  the  atonic  arrangement  was 
hot  affected.  With  the  advent  of  differential  thermal  analysis  many  invest i- 
(ga^  hhve  studied  the  micaceous  eutd  clay  minerals  (particuleirly  the  fine- 
grained varieties)  by  meeins  of  this  technique.  Very  little  new  information 
has  been  reported,  however. 

2.  Yeurlation  of  Color  with  Other  Optical  Fropertles  and  Composition. 
Muscovites  ahow  considerable  variation  in  color,  ranging  from  essentially 
_colarleB8  through  shades  of  brown  and  buff  (the  so-called  ruby-  and  rum-colored 
mica)  to  shades  of  green.  The  problem  of  color  ncnenclature  has  been  studied 
In  a systematic  way  by  jahns  (1945)  and  by  Jahns  and  Lancaster  (I950) . The 
chremophores  in  miiscovite  are  Fe2,  Pe5,  Mn5,  and  Cr.  It  Is  possible  that  In 
a very  few  cases  Ti  may  also  play  a very  minor  role . It  has  been  demonstrated 
by  Ifelnrlch  and  Levinson  (1953)  that  the  rose  muscovltes  owe  their  color  to 
t]x>  essential,  absence  of  Fe2  and  that  Mn  Is  deminant  over  Fe3.  Under  such 
cGudltipiis  lx.  Is -possible  for  Mn  to  be  oxidized  to  the  hlgner  valence.  In  which 
state  It  becomes  a powerful  pigment Ing  agent,  even  though  present  In  very  small 
^amounts .Th^  dark-brown  micas  and  those  of  reddish-brown  tints  apparently  owe 
thfeir  color  mainly  to  Fe3.  This  is  particularly  tnie  for  the  very  dark-brown 
micas  which  often  have  magnetite  euid  hematite  Inclusions,  probably  due  to 
exBolution.  The  green  color  of  moat  muscovltes  is  believed  to  be  due  to  the 
predominating  presence  of  Fe2.  When  either  Fe2  or  Fe3  is  present  in  amounts 
of  about  1 percent  or  more  of  the  oxide,  the  pigmentlng  power  of  any  Mn  present 
is  e88entia3*ly  masked.  The  c- dor  less  or  nearly  color  less  muscovltes  apparentlj 
owe  their  lack  of  color  to  a close  balance  between  the  amounts  of  Fe^  + Fe3 
and  the  eunount  of  Mn.  The  coloring  effect  of  chreoium  is  well  illustrated  in 
fuchsltes  and  marlpositeo,  which  owe  their  bright-green  color  to  even  rela- 
tively minor  amounts  of  chromium. 

Within  a slrigle  pegmatite  that  contains  both  green  and  brown  or  ruby 
muscevitss,  the  green  '.-p.r.iet.y  conslsteatl.v  shows  the  larger  2E  and  will  gener- 
ally ixsve  -over  ind.loeR  r-.f  refracticai  than  the  brown  variety.  Tills  is  in 
accoi'd  with  the  relet lonunlp  between  Increase  in  Fe3  with  increasing  Indices 
and  decreasing  optical  angle. 

In  Table  III  the  I68  analyzed  muacovitee  have  been  classified  into 
2 main  color  groups:  (1)  green,  olive  green  and  greenish  brown,  and  (2)  light 

brown  and  ruby.  Mthough  the  aeaignment  for  some  specimens  is  somewhat 
arbitrary  and  the  two  color  categories  ai'e  undoubtedly  somewhat 
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overs  Impi if led , 


C Oii6 C^SmiCaX  dif  fOlTBilCeo 


the  color  differeiices  of  the  two  .tire  rei'lected  iti.  XTsinaiiuably 

r»> 


total  ]?e  (expressed  as  Fe2Q3)  and  in  Mn,  whereas  riiby  muscovites  contain  more 
Ti  and  usually  more  MgO.  Mg  is  not  consideT’sd  to  be  a chrcaaophore  element, 
Cr.  normally  a greeu.  chromophore,  actue.lly  is  more  ccimnon  and  abtindant  in  t}^ 
ruby  muscovites. 


It  is,  of  course,  nc^  pccaible,  by  spectrochemical  analytical  tech- 
niques, tc  cUxElyxe  iwsjarately  fcr  Fr-3  and  Fa?.  Green  muEccvites,  although  theyj 
contain  m(n:e  total  iron,  have  generally  lower  refractive  indices  than  ruby 
muscovites.  The  iniby  muscovites  uwa  thatr  higher  indices  to  their  greater  con-( 
tent  of  FeJ  and  Tl,  bot;h  of  which  cause  much  more  marked  optical  chaiages  than 
equiveLLent  amounts  of  Fe?. 


TABLE  III 

TABIATION  OF  COLOB  WITH  CCMPOSITION  IN  MDSCOFITE  (NEW  DATA) 

For  each  district  and  conposltlon,  two  numbers 
are  given:  the  top  number  is  the  average  per- 

centage for  green,  olive -green,  and  greenish- 
brown  mTiscovlte;  the  bottom  number  is  the  average 
percentage  for  li^t-brown  and  ruby  muscovite. 


Districts 


1.  Franklln-Sylva  district. 
North  Carolina  and  north 
Georgia 

2.  Spruce  Plar-  district, 

N.C.;  Shelby-Hickory 
district,  N.C.;  Thcmaston- 
BamosviUe  district,  Qa.; 
Alabama  district 

3 . Average  , ' 'aicas  in 
districts  1 end  2 

4.  New  England;  Black  Hills, 

5. D.;  Colorado;  Petaca  dis- 
trict, N.  Hex.;  Montana;  Latah 
Co.,  Idaho 

5.  Average  of  all  muscovites 


^‘T'otal  Fe,  expressed  as  Fe205 


Avg»  * 
Fe203 

Avg, 

It  MgO 

Avg, 

<P102 

Avg. 

i ^ 

5.59 

0.9T 

0.126 

0.082 

2.55 

1.18 

0.375 

0.053 

4.35 

1.21 

0.111 

0.056 

2.09 

0.98 

0.214 

0.045 

5.88 

1.07 

0.120 

0.072 

2.59 

1.12 

0.323 

0.049 

4.07 

0.23 

0.097 

0.388 

2.38 

0.99 

0.104 

0.072 

5.92 

0.68 

0.109 

0.215 

0.0007 

2.46 

1.09 

0.281 

0.056 

0.0255 
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D.  Zoning 


Color  zoning  is  very  common  'n  muacovite,  particularly  core -margin 
types,  vith  usually  brovn  or  ruby  cores  and  gi'eenieh-brown  or  lighter -brovm 
rims.  Cscillator'y  zoning  also  occurs,  usually  with  thin  darker -brown,  zones 
alternating  with  broad  ligh^-brown  bands,  although  less  canaonly  green  and 
brown  zones  alternate . Such  zones  axe  peiraliel  with  crystal  outlines  and  thus 
are  hexagonal  or  rhcnbohedral  in  outline.  Some  such  zoned  crystals  also  show 
concanltant , color  variations  in  pairs  of  sectors  which  join  at  the  center  and 
probably  Indicate  differential  absorption  during  growth.  Sane  ruby  micas  are 
characterized  by  oriented  sets  of  closely  spaced  denrker -colored  streaks  ar- 
ranged at  right  angles  in  a cross  hatch  or  gratiiag  pattern  which  resembles  the 
gridiron  twinning  pattern  of  microcllne.  Cleavage  sheets  of  such  crystals 
also  may  show  a division  into  three  pairs  of  sectors,  each  pair  being  charact- 
erized by  different  orientation  of  the  grating  streaks.  The  streaks  in 
adjacent  sectors  are  oriented  at  120°  to  60°  to  one  another.  The  sectors  may 
resvilt  ftcm  twinning,  and  the  grating  pattern  may  represent  embryonic  exsolu- 
tion. 

Color  zoning  may  Involve  the  c-axls  direction  with  sheets  at  one  end 
of  the  crystal  differing  in  color  from  those  at  the  other. 

Some  ffiuscovltes  that  are  marked  by  A structure  show  color  streedEs 
pen*e^.lel  with  the  reeves,  sanewhat  different  in  shade  from  the  rest  of  the 
sheet . 

Muscovite  also  commonly  displays  inclusion  zoning  of  hematite, 
UBuall:  ith  ritained  cores  and  clear  merglns,  although  alternations  of  stained 

and  claar  iocee  *;lso  are  recorded. 

Some  examples  of  different  types  of  zoning  in  muscovite  are  noted 

below. 

Minas  Gerais,  Brazil.  "Symmetricaliy  zoned  color  patterns,  hexago- 
nal In  outlinejare  sharply  defii':sd  and.  most  commonly  are  composed  of 
recurrent  zones  of  two  dlfferen-^'  t.int<?  ci  ruby.  Rarely,  a rhomb- 
shaped ruby  core  is  surrounded  by  h.exagonally  shaped  zones  of  llghter- 
col.o’^d  Tt-,  •=; T'=- c I !Tie Tift , noree  o.f  rv.!:  ,■  " fca  are  eurrounded  by 

zones  of  green  and  ye i.Low- green  mica.  Three  wei.x-de  1 xiieu.  ./..ii-iSa**  pcit  — 
t.er.ne  are  known.  Lu  one,  linear  bichraaatic  streaks  ai'e  oriented  along 
two  sets  of  reeves;  in  another,  called  checkerboard  or  plaid,  the  bl- 
crirciuatlc  lines  sue  at  riglit  angles  to  each  other;  the  third,  called 
'hen  track'  ...  has  two  sets  of  streaks  parallel  to  the  adjacent  reeve 
seta,  and  the  third  is  parallel  to  the  limiting  crystal  face  (010  or 
110)."  Two  irreg'.Jlar  color  jatterns  have  also  been  found  in  this  dis- 
trict (Pecorat  Klepper,  and  lArrabee,  1950). 


J 
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Ejiba,  Nigeria,  JacoDson  and  Vfetb  (194-6)  report  tiiree-dlmeusional 
coior  zoning  in  arascovite  free:  an  alaitlaed  pegmatite.  At  one  end  | 

of  a cryfatal  the  muecorits  is  apple-green  and  at  the  other  it  is  | 

lac.  The  colors  grade  into  each  other  aloxig  the  length  of  the  • - i 

axis.  The  only  chemical  difference  in  the  two  types  ia  a 5iig]?-:ly  | 

higher  iron-mnganese  ratio  in  the  former.  | 

t 

San  Ltego  County,  California.  Some  zoned  crystals  have  been  report- 
ed from  the  Pala  District,  (Jahns  and  Wright,  1951)  with  green  cen- 
ters and  intermediate  zones  that  are  yellow  to  white. 

Madison  County,  Monbema.  Stoll  (1950)  reports  sheet  mica  that  Is 
colorless  and  shows  a cflss-cross  pattern  or  bar^dlxig  of  rum-colored 
areas. 

Taos  County,  Rev  Mexico.  Optical  zoning  was  reported  by  Heinrich 
and  Levinson  (1955)  pink  muscovite  flakes  fresa  the  .Harding  peg- 
matite. Mai^  of  the  muacovlte  flakes  have  a very  thin  rim  that 
displays  lower  birefringence  than  the  main  central  part  of  the  crys- 
tal. 

hio  Arx'xhc.  Sav  Hay  fee  Heinrich  and  Levinson  (1955)  also  re- 

port small  flakes  of  muaoovite  frooi  the  Petaca  District  that  show  pink 
and  green  colors  grading  I Into  each  other. 

I 

Clear  Creek  County,  Coloptdo.  Muscovite  from  the  AJa.x  pe^iatlte  was 
reported  by  Hhnley  et  al.  (1950)  to  show  alternating  color  stripe  of 
clear  and  ruby  color. 

Southeastern  Piedmont  Area.  Jahns  (194-5)  Bumnarlzes  the  color  char- 
acteristics of  the  muscovites  of  this  area  as  follows: 

a)  Many  books  are  color  zoned  with  gridiron  or  chessboeurd 
patterns,  concentric  color  bands,  strips,  or  faint  trx’egu-  I 

lar  mottling. 


b)  Nearly  ail  books  contain  pale  rims  that  are  moi’e  green- 
ish than  the  .interior.  This  appears  to  be  secondary  zoning. 

c)  Color  vaciahicdB  in  Individual  books  arc  acre  prcn^junced 
where  th^:  muavov.lte  it  light-  to  olive-green. 


New  Ergland.  Sterrett  (1923)  Buramarlzes  the  types  of  zoning  in  Mew  £rg- 
land  muscovite  as  follows: 

"Some  muscovite  shows  variations  in  color  that  accord  with 
ciystel  ."tructure.  The  vs.rii<-iorL8  geiaerally  appear  in  bands 
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xh'^t  follcv  the  outlixje  of  the  crystal.  Thus,  ...  one  may 
see  ? hs.-*k  rum-colored  center  surrounded  by  a fringe  of  light 
rximor  yellow,  ...  or  the  center  may  be  light  and  the  border 
Eoae  d'-Miit.  in  eome  eheets  there  are  alterriating  bands  of 
var.Yijsg  cclcJ.’’ 

Woodward  (I95I)  reports  an  unusual  type  of  atruct\iral  zoning  in  the 
green  muscovite  of  the  Lord  Hill  pegmatite  near  Stoneham,  Maine . O e 
book  of  green  muscovite  grades  from  perfectly  normal  flat  folia  on  ^ne 
side  of  the  specimen  into  a gray  botryoidal  folia  on  the  other.  The 
botryoidal  str\icture  may  be  due  to  late  volume  Increase  because  of  the 
addition  of  materials  to  the  pre-existing  muscovite. 


A group  of  selected  speciiKins  showing  especially  distinct  color  zon- 
ing was  seise tod  for  optical  study.  Indices  of  refraction  were  measured  on  an 
Abb^  refreu;tometer  and  2E  was  determined  by  the  Mallard  equation.  The  optical 
data  eu*e  In  Table  IV: 


TABLE  IV 

OPTICAL  DATA  OK  SELECTED 
ZONED  MOSCOVTTES 


1 spec iaen 

Core 

Intermediate 

Zone 

Margin 

No.  5.  Oregory  pegmatite, 
Jackson  Co. , N.  C . 

Color 

green 

clear 

j 05 

1,562 

1.565 

i ^ 

I.59B 

1.602 

• y 

1 . 605 

1.612 

2E 

r ~ 

67  “’20' 

No.  7.  Jasper  pegmatite 
Jackson  Co.,  N.  C . 

1 

Color 

dark-brown 

nedium-brown 

light-brown 

a 

1.565 

I.56U 

1.566 

1.602 

1.601 

1.601 

'i 

1.606 

1.605 

1.605 

i ?E 

1 

67 ”55’ 



55° 15' 
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I 

•y.  f -OT*  -!T«  f-rr  r*  AVm 

XT  . 

1 

Spec  imeo. 

Cor-p  Incermedista 

^-fercin 

Zone 

No.  9*  New  Wolff  pegmatite t 
Frank 1 In -S7I va  District,  N,  C. 

Color 

clear 

light  brown 

a 

1.569 

1.572 

P 

1.607 

1.612 

T 

1.613 

1.615 

2E 

54*10' 

59*15’ 

No.  1^.  Sheep  Moxintaln  pegmatite, 
Franklin-Sylva  District,  N.  C. 

Color 

staixied 

clear 

a 

1.566 

1.567 

1.602 

1.604 

1.603 

1.608 

2B 

•61* 40* 

60*10' 

No.  46.  Ledford  Cove  pegmatite 

t 

Franklln-Sylva  District,  N.  C. 

Color 

stalned 

clear 

a 

1.562 

1.565 

P 

1.59P^ 

1.601 

K 

1.607 

i.607 

22 

No.  57-  Poll  Miller  pegjoatlte, 
Franklin-Sylva  District,  H.  C. 

62*30' 

65*50' 

1 Color  medium- hr  ovm 

clear 

i Ci 

1.560 

1.560 

1 P 

1.595 

1.593 

1.60^4^ 

1.607 

i 2£ 

70 '00 ' 

s 

j 

1 No.  64.  Slagle -Drake  pegmatite 
1 Frank! In- Sylva  District,  C. 

f 

1 Color 

J 

cleau" 

spotted 

1 

a 

1.564 

1.559 

3 

1.601 

1.596 

? 

1.607 

1.606 

22 

65*30;,, 

0*T  ’ 

63* 
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TABLE  17  COST. 


Spsciaen  Core  Interm^late  Margin 


No.  75,  Big  Bldge  pegnatite, 
Franij.in-S7lva  District,  N.  C. 


Color  light-Brown 


1.562 

1.599 
1.606 
65“ 30' 


No.  82.  Big  Bidge  pegnatlte, 
Franklln-Sjlva  District,  N.  C. 

li^t -brown 

1.565 
1.599 
1.605 

64'*50  ' 

"•Hp.'124.  PlvDBtroe,  pegBatito, 

Spruce  Fine  District,  N.  C. 


Color 

a 

! 

2E 


laedium -brown 

1.566 

1.601 

1.606 

65*^0' 


medium-brown 

1.566 
1.603 
1.606 
61^*50 ' 


Color 


medium-green 


ll^t-green 


a 

1.570 

0 

1.610 

1.615 

2E 

64“ 15 ' 

No.  128.  Wildcat  i>egmatltej 
Spruce  PlxK  District,  N.  C. 


1.569 
1.603 
1.609 
67* 10’ 


Color 


dark -green 


light -green 


a 1.570 

p I. 510 

1.616 

TQ»0O ' 


1.569 
1.606 
1.616 
67“ 50' 


I 
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TABLE  IV  CONCL. 


Specimen 

j No,  190.  Muscovite  pegmatit»t 
Tjalali  County,  Idaho 


Core 


Intermediate 

Zone 


Margin 


Color 


light- hr  cwn 


clear 


a 

1.562 

P 

1.598 

r 

1.602 

2S 

63*15 ' 

1.562 

1.599 

1.6o4 

63" 


No.  37h. 
Hebron,  Maine 


Color 

medium-tan 

light -tan 

clear 

a 

— — 

1.563 

1.560 

P 

1.59^ 

1.598 

1.591 

If 

1.603 

1.601 

1.596 

2E 

67°10' 

65'’15’ 

61*50' 

j The  above  data  Indicate  that  alight  differences  in  indlce j of  refrac- 

tion and  in  size  of  the  optic  angle  ecccrapany  variations  in  color.  The  darksj^ 
colored  fiones  end  those  that  are  stained  or  contain  iriclusione  tend  to  have 
higher  indices  and  larger  optic  angles. 


II.  MIHERALOGT  OF  VARIETAL  MUSCOVITES 


1 A.  Oellacherite  and  Other  Reported  Barium-containing  Micas . 

Tbs  teriE  oellacherite  was  first  used  by  Dana  (I867)  fcr  the  barium- 
bearing  mica  3a0)  from  Pfitschthal,  Tyrol,  originally  called 

margarite  by  Oellecher  (£enrigo!.t,  i860).  Chemical  analyses  of  oellacherite 
are  repoiteu  oy  Har...ii:iidberg  (1362,  I879)  €Uid  Sandberger  (1375).  The  occur- 
rence han  hsen  described  by  Welnachenh  {I896,  p.  ^+71)-  A specimen  of  oella- 
cherite (No.  109^)  cx’iginally  fro^  •*■>,?>  Karabacek  collection,  from  the  type 
locality,  vas  borrowed  frcn  the  Harvard  Minerological  Huauem.  The  oellacherite 
is  in  flakes  1 to  2 rraa  across,  and  ±n  pseudor.  :rphou8  after  a curved,  bladed 
mineral,  probably  kj'anite,  _n  white  quar  .z.  X-ray  studies  show  that  it  has 
crystallized  with  the  normal  muscovite  structure. 

A flame  test  for  Ba  gave  completely  negative  restilts.  Since  the 
} analyses  are  old,  seme  question  arises  regarding  their  validity,  Spectro- 
chemical  analyses  of  about  200  muscovltes,  mainly  frem  pegpuatltes,  indicate 
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that  the  content  cf  such  sicas  ranges  froc  0.0002  to  1.1  percent.  Sitspacni 
(1932,  p.  67)  reporne  a anacovite  from  Lover  Chlttering,  S.  W.,  Western  Aust- 
ralia, peeudomorphous  aiXer  corundum;  this  mica  is  reported  to  contain  I.I6 
percent  BaO. 


The  mineral  from  the  type  locality  has  the  following  optical  proper 

ties: 


These  values  are  well  within  the  lover  part  cf  the  range  for  normal  muscovite. 
It  is  to  be  expected  that  if  slgnlficemt  amounts  of  Ba  are  xaresent,  the  indi- 
ces should  be  scmevhat  higher  than  those  normal  for  muscovite. 

Kultiassov  and  Dubinkina  (19^6)  have  described  a vanadium-bearing 
variety  of  oellacherite  from  the  Karatau,  U.S.S.E.,  vanadium  deposits.  Three 
varieties  of  the  mirveral  are  distinguished: 

1.  Light-green,  silky,  fibrous  aggregates,  intimately  Intergrovr.  with 
columnar  qviartz. 

2.  Dark-green,  peeirly  tablets  Imbedded  in  coarse  quartz  veins. 

5.  I^urk  grayish-green  flakes  and  scales  on  fault  surfaces. 

Chemical  analyses  of  the  three  varieties  show  simileirltleB  to  oellacherite 
with  raapect  to  the  BaO  content  and  to  roscoelite  with  respect  to  the  T2O3 
content : 


i 


^ 1076 
- 1.578 


2T  = 


.3" 


1.  2.  3. 

V2O3  6.18  17.92  16.4k 

BaO  7.15  5.27  7-20 

X-ray  povder  data  are  presented  for  the  fibrous  and  flaky  varieties 
n.  3).  Inspection  of  the  d-apacings  reported  for  the  fibrous  type  indi- 
'ites  the  presence  of  considerable  quartz.  Practically  all  the  spaclngs  (and 
comparable  intensities)  listed  on  the  ASTM  card  for  quartz  are  recorded.  When 
these  lines  are  subtracted  from  the  list  of  d- spaclngs,  only  weak  reflections 
remain.  No  mineral  with  these  remaining  spaclngs  could  be  foxmd  on  the  ASTM 
cards.  In  many  of  car  samples  we  have  noted  that  a ■■  'atlvely  small  amount  of 
quartz  contamination  will  produce  marked  effects  on  mica  powder  patterns. 

These  observations  cast  considerable  doubt  on  the  hcmogeneity  of  the  material 
on  which  the  analysis  van  made. 

1 

The  reported  spaclngs  for  type  5 are  equally  confusing.  Although 
the  first  line  recorded  has  d = 9.955#  which  is  close  to  that  of  an  Important 

muscovite  line,  quartz  lines  also  predominate,  and  the  remaining  spacings  are 
unassignable.  They  do  not  correspond,  however,  to  the  muscovite  or  even  the 
general  mica  spaclngs.  If  the  ane0.yzed  material  represents  the  same  sort  of 
mixture  of  which  the  X-rny  powder  photograph  was  taken,  then  its  value  is  nil. 
Tlie  authors  (Kultiassov  c.tid  Dubinklm.,  1946,  p.  I9O-I9I)  admit  that  (in  trans- 
lation) ''The  content  of  SiOp  in  the  analyses  appears  to  be  somewhat  high. 
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This  is  because  the  ir'ineral  forais  fine  intergrowths  with  q'uart2,  and  ae  a j 
result  it  was  imposaible  to  get  ccajpiete'Lj  p.ire  iraterLal  for  ?vnal7sis."  They  | 
also  suggest  that  the  CaO  and  SO5  reported  may  be  diie  to  admixed  gjrpeum.  We  I 
have  compared  the  linso  remaining  after  ciisrtz  lines  were  subtracted  with  the 
powder  diffraction  pattern  of  jcvpsum  and  find  no  correlation.  There  is  no 
record  that  the  analyzed  minerals  w^ere  first  examined  microscopically  for 
purify. 

In  view  of  this  infoncation  and  in  the  light  of  the  reinterpretation 
of  the  X-ray  powder  data,  the  identity  of  this  material  can  hardly  be  consid- 
ered well  established. 

Through  the  courtesy  of  Dr.  S.  0.  Agrell,  we  have  been  permitted  to 
examine  a hithertofore  undescrlbed  epeclnen  (No.  1349)  of  a "titem-oellacher- 
Ite"  froB  a slag.  X-ray  studies  of  this  material  by  meems  of  the  Welssenberg 
method  Indloate  that  the  mica  has  crystallized  as  the  1-layer  monocllnlc  poly- 
morph . Because  of  the  high  MgO  content  (20.19  percent)  it  seems  \indeslrable 
to  cull  this  mica  oellacherite;  barian  p^ogopite  appears  more  acceptable. 
Furthermore,  many  phlogopites  have  1- layer  form,  whereas  muscovite  does  not. 

The  formula  of  this  material  is: 

(Kg^8>  ®®0.8^®0.4»*^®0.5) 

(S14.1,  AI5.3,  TI0.6)  G2I.0  (F2.4.  OE0.6). 

A barian  biotite  (beirytbiotite)  with  5-il  percent  BaO  has  been  re- 
ported by  Daub  (1915)  from  Ealserstuhl,  Germany,  but  the  presence  of  8.I7 
percent  CaO  in  the  Bnalysis  makes  its  validity  suspect.  Maxiy  analyses  of 
phlogopites  with  frem  0.4  to  1.3  percent  BaO  have  been  reported,  and,  in  gen- 
eral, Ba  seems  to  occur  more  commonly  and  in  larger  amounts  in  phlogopites 
than  in  any  of  the  other  micas. 

A synthetic  Ba  mica  (13.84  percent  BaO)  has  been  described  by  Dalmon 
(1932)1  it  is  also  a barian  phlogopite.  The  name  "oellacherite'*  should  be 
discarded  and  "barian  muscovite"  should  be  substituted,  if  It  can  be  shewn 
that  the  origliml  material  actually  contains  the  amount  of  BaO  reported  in  the 
old  analypin . 

Bar ium-muac ov ite  from  Franklin,  N.  J.;  A mli^ral  with  9*89  percent 
BaO,  frcmi  Fraiislin,  hav  Jereey,  described  by  Bauer  and  Berman  (1935)»  4as  beer; 
called  barlum-muacovite , Spieciniena  of  this  material  (Nos.  540,  1095#  112?)  | 

have  been  obtained  fr<.aa  the  Harvard.  Mtuerelogical  Museum  and  frem  the  U.  3. 
NationE..;  All  epeclmena  are  massive  and  pink  in  color,  not  unlike 

seme  eo-Cciile-d  Aucosines.  The  formu-V?,  as  caicul.ated  from  the  Bauer  euralysis, 
is: 

2#  ^0.6>  ’^“0,  ^^.1)  (*^<),3^”"“0.2»**“0.1^^^3.4  (®^5.9>^2.i) 

020.I  0Hj,9 

which  1b  in  close  agreement  with  the  requirements  of  the  formula  for  a musco- 
vlte-type  mica.  Microscope  examination  demonstrates  the  essential  homogeneity 
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>?  the  jsaterial.  It  consists  of  exceedingly  minute  flakes  of  a colorless 
I mineral,  finely  intergrown.  The  mean  index  of  refraction  is  shout  1.59;  the 
! hirefriEgenoe  is  that  of  fine-gi'aiiieu.  muscovite.  Examination  by  means  of  the 
j electron  microscope  also  suhstantlates  the  micaceous  :iature  of  the  minsrai. 

I I-raj  powder  photographs  taken  of  three  specineuE  yiej.dea  nearly  identical 
‘ Tiatterne  with  small  differences  in  inlengitles  c-f  a iew  lines  lEf«een  the 
! material  frcta  the  Harvard  Collection  and  that  from  the  Kations,!  Museum,  Al- 
though it  is  of  the  general  mica  type  , the  pattarr;.  is  ^rrd-iue  and  is  unlike 
that  of  any  known  mica  polymorph.  Table  54  , column  5,  reports  the  d-spaclngs 
for  this  mica  and  compares  them  with  those  of  normal  muscovite  (Column  1, 

Table  5^ . 


The  above  observations  indicate  that  the  material  is  homogenecjaB 
and  that  it  Is  a mica,  but  that  it  can  hardly  he  referred  to  as  a beirium- 
muscovlte.  Until  the  exact  structure  has  been  determined,  the  position  of 
the  mineral  in  the  mica  group  remains  uncertain.  Since  its  structure  is  appar 
ently  unique,  it  should  perhaps  be  accorded  species  rather  them  varietal 
status  and  should  receive  a name  of  its  own. 

In  conclusion,  it  may  be  said  that  the  status  of  the  barlum-ccaitaln- 
ing  micas  Is  contused.  It  appears  that  a barian  muscovite  probably  does  not 
contain  more  them  5.91  percent  BaO,  if  the  old  analyses  are  reliable.  The 
effect  of  Ba  on  the  structxire  remains  to  be  clemlfied. 


B.  kerriem  and  Manual lian  Muscov ite 

A survey  of  the  literature  reveals  that  has  been  reported  \q> 

to  a meucliBum  of  5.70  percent  Pe^j  In  sRiscovlte  (Tschermak  I878),  Fprrlc,  as 
well  as  ferroiia  iron,  substitutes  for  octahedral  aluminum.  Many  examples 
of  muscovite  with  2 to  4 percent  Pe205  are  available  in  the  literature.  On 
the  beusla  of  new  data  obtained  by  spectrochemlcal  studies  obtaliied  for  this 
report,  the  above  observations  are  substantiated.  Bose  muscovltes  and  other 
late  hydrothermal  micas  have  the  least  amount  of  ferric  and  ferrous  iron, 
uaually  less  than  0.5  percent.  Several  high- ferrous  muscovltes  have  been  re- 
ported such  as  that  by  Wulfing  (1886)  (PeO  = 6.55  percent).  However,  high- 
ferrous  muacovitea  are  usually  associated  with  phengites;  the  rise  in  Fe+2 
or  Mg,  or  Mg  + Pe^,  as  a generalization,  accompanies  an  increase  in  Si. 

The  structure  of  ferrian  mnocovite  is  most  probably  2M  muscovite. 
T3::la  statement  is  based  on  X-ray  srudies  of  the  "alurgite”  from  Cajon  Pass 
deocrlbed  by  Webb  (1959)  which  has  I- en  shown  by  Hendricks  and  Jefferson 
(1959/ f and  v;;rlfied  by  tis,  to  have  r,he  normal  muecovlte  structure;  it  is 
actually  a feirlan  (5 -52  percent  Fe20^)  muscovite. 

^anma-auscovite ; Eakola  (1914),  In  describing  the  pegsa-ivites  of 
southwestern  Finland,  notes  (p.  57)-  j 

I 

"A  peurticular  Manganese-mineral,  an  intensely  blue -coloured,  fine - 
crystalline  manganese -muscovite  containing  2.^Qfl>  MnO,  was 
found  at  Mattkarr." 


I 
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This  or  sL'Siilar  material  was  studied  et^ctrcc.-Ui^iiisal  Ly  bj  Erajsetsa,  Sahans 
and  Kanula  (19^5),  who  determined  the  presence  of  i percent  RhpO  and  Q.C^J 
percent  CegO.  Pehrman  (19^5)  also  dascrihes  a clue  ’'radial  ' n’ca  fj  ore 
}tarr,  which  probably  represents ■ similar  materiel.  He  found  It  to  have  -- 
59’20'  by  meant?  of  the  universal  stage,  A spec i.'i-.et\  of  ''h^>  Riil.;.-'.'*  oineraJ  vap 
borrowed  fi’cia  Harvard  Mineralogicai  Huseua  (Ho,  •t.  \ an~,A  5,,  td.  iv.’  * US-  ra*** 

terial  is  deep  purplish-blue  in  colory  ver^r  fir.-e -graiiied,,  and  show?-  no  mega- 
scopic structural  features. 


Microscopic  examination  reveals  that  is  is  a mirturs  of  fotr  differ- 
ent species,  in  order  of  abundance: 

1.  Shreds  of  colorless,  fine-grained  mica,  n = 1.^6 

2.  Shreds  of  pale  lilac  to  purplish-gray  mica,  n = I.59 

5 • Quart* 

4.  Scattered  fine  grains  of  a mineral  with  low  birefringence, 

numerous  minute  Indus lozis,  and  n = ca.  1.63j  probably  apatite. 


The  purplish  mica,  which  has  the  birefringence  of  noznal  muscovite, 
is  subordinate  to  the  colorless  mica  and  occurs  intergrown  with  it  as  scat- 
tered clumps  of  Irregula'r^  Interwoven  flake®,  vhlc>A  appear  to  have  been  formed 
at  the  expense  of  the  colorless  mica.  Studies  of  the  purple  mineral  by  means 
of  the  electron  microscope  reveal  that  it  is  distinctly  micaceous.  ' 


The  powder  X-ray  photograph  of  this  material  also  shows  the  presence 
of  very  strong  quart*  lines.  If  these  axe  subtracted  from  the  pattern,  the 
remaining  lines  are  probably  indicative  of  a mica,  because  of  the  presence  of 
a strong  reflection  near  lOAj  but  the  strxictural  type  is  unidentifiable . In 
view  of  the  optical  demonstration  that  two  intergrown  micas  are  present,  the 
pattern  may  alec  represent  a composite  of  two  polymorphs.  Frcm  the  fine- 
grained and  intimate  nature  of  the  two-mica  Intergrowth  and  the  similarity  in 
their  physical  properties,  it  is  unlikely  that  eepeiratlon  of  the  two  can  be 
effected  by  ordlnai*y  mechanical  means.  A spectrochemical  analysis  (epee. 

1093)  of  the  Harvard  material  labeled  mangan-muscovite  is  given  in  Table  V. 
This  anBlysie  corresponds  with  one  to  be  expected  from  a mica  or  a mixture  of 
micas  contaminated  by  quartz  (high  SlOg)  apatite  (1.05  percent  CaO). 

Tt  can  be  stated  the  purple  mineral  is  a mica,  probably  of  the 
muscovite  type,  but  it  is  to  be  noted  that  a number  of  other  muscovitee  with 
larger  amounts  of  MnO  have  iHioc  reported,  which  have  not  been  designated 
mangan-muscovite.  The  varietal  name  "mangeuilan  muscovite"  is  preferable,  in 
any  event.  Although  only  a maximum  of  2.52  percent  i-lnO  has  been  reported  in 
muscovite  (Ellsworth,  1952)  the  writers  believe  that  the  manganlan-muscovlte 
variety  is  Justified.  Most  muecovltes  contain  small  amounts  (<1  percent) 
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MnO  which  undoubt*<;ly  occupy  octahedral  posit  ions . These  aalcas  are  r:crsa.i 
with  respect  to  eo'. ical,  chemical  and  structiiral  pr'operties.  The  maximum 
of  mangarjeDe  that  can  enter  the  muscovite  eticicture,  or  its  effects, 
is  S3  yet  unsr.ovn . 


TABLE  V 


SHSCTROCHEMICAL  ANALYSIS 

OF  MANGAN-MUSCOTITE 

(HSKOLA, 

1914) 

S102 

. 

49. 

AI2O3 

- 

52. 

KgO 

- 

10. 

F6203 

- 

0.15 

MgO 

- 

0.21 

Na20 

- 

0.08 

MnO 

- 

1.6 

BaO 

- 

0.0008 

Ga203 

- 

0.012 

SrO 

- 

0.004 

CaO 

- 

1.05 

Analyst: 

Charles  E.  Harvey 

I 

i 


C . Chrottian  uniscovite 

Until  19^6,  the  chrome  micas  were  in  a state  of  considerahle  con- 
fusion. At  that  time,  VJhitmore,  Berry,  and  s:avley  reviewed  the  whole  problem 
and  clarified  many  outstanding  inconsistencies. 

Puchslte  was  first  descrihed  by  Schafhautl  (1842)  for  the  green 
chrome  mica  frcaa  Schwarzensteln  in  the  Zillerthal.  An  analysis  of  this  ma- 
terial is  reported  In  Dana  (1882)  as  containing  over  5 percent  Cr203.  Six 
additional  analyses  are  presented  in  Dana  (1892)  on  chrome  micas  from  Tyrol; 
Sysevsk;  Urals;  Belgium;  Maryland;  Alrd  Is.,  Lake  Huron;  and  Ouro  Proto;  In 
these  analyses  CT20j  Is  reported  from  0.84  to  5.95  percent.  Additional  ana- 
lysea  on  fuchslte  from  Switzerland  have  been  reported  by  Prior  (1908)  with 
0.87  percent  Cr205;  from  South  Africa  by  Partridge  (1957)  with  O.65  percent 
Cr203;  fran  New  Zealand  hy  Hutton  (1940)  with  O.27  percent  Cr203  and  (1942) 
with  4.60  percent  Cr203;  from  Colorado  by  Wherry  (1915)  vith  6.08  percent 
CrgO^  (the  hlg^st  recorded  chromiiua  content  of  fuchslte);  end  from  Polnte 
du  Bole,  Manitoba,  Whitmore,  et  al.  (1946)  with  4.8l  percent  Cr203. 
Additional  occurrences  of  material  called  fuchslte  have  been  reported  In  the 
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Plateau  ee  discussed  hy  Kerr,  et  al.  (1951,).  ' 

i 

Tdrtridge  (1957-  nr-.f'erred  the  term  '’chrcBje-miiscovlte*'  to  "ftichstte/j 
0«3ica?:i  ( i-9.*>c,'  fawoi'ed  it-j"  ."or  c lov  ctrrxriiixx.  nice  even  thougJti.  hig  j 

material  is  optically  simiitc.*  to  low  chromium  fucheltes,  Hutton  (1942)  e>-ig- 
gested  that;  (1)  the  term  ’''ma.riposite’*  be  abandoned,  (2)  potash  micss  with 
less  than  1 percent  CrpO^  be  described  as  chrcmil'erous  muscovite,  and.  (3)  mi- 
cas vlth  more  than  1 percent  CrpO^  be  described  as  fuchsite. 


Marlposite  was  naasad  originally  for  the  green  mica  occurring  in  the 
Mother  Lode  district  in  CeJ.lfornia.  Analyses  of  this  marlposite  and  one  fron 
Onteurio  are  tabulated  by  Whitmore,  et  al.  (19^).  The  feature  that  distin- 
guishes aieLTlposlte  frem  fuchsite  is  the  high  S102:Al203  ratio  and  consistently 
low  (0  to  0.78)percent  Ct205  content.  This  has  been  pointed  out  by  Schaller 
(1916,  1950),  Wlnchell  (I925),  and  Whitmore,  et  ed..  (194^6).  In  agreonent 
with  Whitmore,  et  al.  (19^6),  marlposite  is  considered  as  chromlan  pdbenglte. 

Very  little  had  been  done  in  the  way  of  X-ray  studies  of  the  chrosie 
■leas  before  Whitmore,  et  al.  (1946).  Only  Pauling  (1930)  inade  ohservatlons 
on  fuchsite  as  an  outgrowth  of  his  study  of  muscovite.  Whitmore,  et  al. 
(1946),  on  the  basis  of  X-ray  studies  on  material  from  Polnte  du  Eois,  I^ol, 
and  Ontario  concluded  that  fuchsite  and  muscovite  are  structurally  Identical. 
A new  chemical  analysis  on  fuchsite  rrom  Polnte  de  Bcis  yielded,  the  following 
formula: 

(K,Na,Ca)5.64  (Al,Mg,Cr,Fe5,Fe2)j.92  (Alh,Sli2)038.6l(0H)9.39 

which  compares  favorably  with  the  foinsula  for  muscovite.  They  further  con- 
cluded that  in  fuchsite  Cr  may  replace  Al  up  to  4 .81  percent  0t203  which  is 
close  to  one  atom  per  imlt  cell.  On  the  basis  of  these  new  data,  the  term 
"chromian  muscovite"  is  recemmended. 

X-ray  studies  in  this  laboratory  by  means  of  the  Welssenberg  method 
were  carried  ant  on  about  one  dozen  fuchsltes  including  the  material  from 
Points  du  Bois  described  by  Whitmore,  et  al.  (1946)emd  the  chromium-containing 
muscovite  described  by  Hutton  (1940).  The  results  obtained  are  in  complete 
agreement  with  those  raached  by  Whitmore,  et  al.  (1946);  the  term  ’'cki'cmian 
muscovite"  la  thus  adopted.  Marlposite  is  considered  by  w (in  close  agree- 
ment with  n^hers)  to  be  a varlTrfcy  of  pbanglte  and  as  such  is  discussed  under 
that  heading. 

Tbs  optical  properties  of  fuchsite  are,  likewise,  discussed  by 
Whitmore,  et  evl , (1946).  TliSy  shaw  the  following  varlationB:  a = 1.559  fo 

1.569,  p = 1.593  to  1.604,  t = 1.597  to  1.611,  y -a  = 0.035-0.042,  and 
27*30“  to  46*.  The  average  ^ = 1.598  and  2V  = 36“.  The  optic  plane  is 
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I nomsal  to  ^010).  1<Y<Z,'  pleochroit'rc  ha«  "been  notad  by  some  authors  aa  very  i 

j diatinctlTS!,  «'ith  | 

I I 

( j 

! O,  = rotttTj 'a-esK  blue  ! 

j I 

j = yellW;,  yellcjwlah-green  | 

/ = blue  green 

In  thick  flakes,  diapersion  is  noted  as  distinct  with  r > v.  Whit- 
more, et  al.  (19^6)  conclude  that  the  indices  of  chrcmian  muscovite  (fuchsite) 
increase  with  increasing  chrcanium.  Some  of  the  indices  overlap  those  of 
maripoalte  but  are  generally  lower.  2V  on  mariposite  has  been  reported  as 
small  (0*  to  14*). 

The  chrane  micas  variously  classed  as  chrcmlferous  muscovite,  fuch- 
slte^and  mELriposite  occur  chiefly  in  two  types  of  geological  environments: 

(1)  hydrothermal  veins  and  replacement  deposits  and  (2)  metamorphic  schists, 
gneisses  and  quartzites.  The  first  type  of  geological  environment  has  been 
subdivided  by  Whitmore,  et  al.  (1946)  into  three  variations;  (1)  with  anker- 
ite,  quartz  sulfides,  and  gold,  (2)  - with  biotite  and  actinolite,  and  (3) 
with  cordundum,  biotite, and  kyanite.  These  investigators  conclude(p.,  15), 
that  the  chi'ome  micaG  "have  invariably  been  formed  either  by  mstasoisatlc  proc- 
esses or  deposited  directly  with  other  minerals  and  veins . Minerals  associat- 
ed with  them  suggest  they  were  formed  under  conditions  ranging  from  moderate 
to  fairly  high  temperatures  and  pressxires . . . . " It  may  very  well  he  that  many 
of  the  chrome  muscovites,  if  not  most  of  them,  hs.ve  been  formed  by  depoeltiou 
fraa  hydrothermal  solutions  or  by  metaBcmatlc  replacement  as  these  Inveetl- 
gators  suggest.  However,  there  are  numerous  examples  of  the  occurrences  of 
chrome  micas  in  regional  metamorphic  rocks,  particularly  schists  and  quartz- 
ites in  which  there  is  no  evidence  of  metasomatism.  Chromlferoxie  muscovite 
quartzites  have  been  encountered  by  the  writer  in  several  districts  in  south- 
western Montema.  The  rocks  are  f tne-grained,  well  foliated  quartzites  whose 
colcxr  varies  from  very  pale  gi’een  to  dcc-p  blue  green.  The  depth  of  the  color 
is  directly  proportional  to  the  amount  of  chremiferous  muscovite  present.  No 
peridot  lies  lie  close  to  the  bands  and  J^enses  of  green  quartz,  nor  is  there 
any  evidence  of  hydrothermal  alteration  of  these  rocks. 


Fuchsite  also  occurs  in  some  marbles  as  is  evidenced  by  t.ha  occur- 
rence ac  FKttx’ure,  coxorauo,  ^wiierry,  1915/  aTiu  tne  occurreiiCcS  at  uincnthcl, 
Switzerland,  in  dolomites  (Prior,  I908) . Several  aberrant  occurrences  of 
fuchsite  are  recorded  by  Taddei  (1940).  He  notes  fuchsite  in  e pegmatite  in 
Tessin,  Switzerland.  Fuchsite  also  is  reported  to  occur  in  the  emerald -bear- 
ing veliw  along  with  calclte,  apatite,  quartz,  pyrite  and  albite  at  Scmondoco, 
Colombia. 


75 


ENGINEERING  RESEARCH  INSTITUTE  • UNIVERShV  OF  M-'CKsGAN 

Thus,  although  it  appears  that  these  additional  apxx3rra7;,ceri 

of  fuchsite  sub8tantie.te  the  general  conciusior*5  af  Wnltmore ^ et  r..U  ( 19i^6) 
that  most  of  these  mtraa  are  of  hydrothermal  or  metaomatic  there  are 

apparently  also  a fev  cases  in  which  the  chz'omifercuB  muscovite  foxoaed  under 
regional  metamorphism  without  assistance  of  hydrotheriaal  eolutio:oe„ 


1.  Introduction.  The  term  "phengite”  includes  several  l iods  of 
hlgh-silica  muscovltes  and  it  is  therefore  necessary  to  discuss  t’  . varieties 
indivldvially. 

(a)  Phengite  Eg(Mg,Fe,Al)4(SiyAl)02o(OH)i^_  — related  to  noroal 
muscovite  hut  with  high  silica  content  and  increased  Hg  and 
Id  place  of  Al.  The  effect  of  this  substitution  on  the 
optlcaLL  constemts  Is  discussed  in  detail  on  page  yj  . Two 
optic  i^aes:  biaxial  and  uniaxial,  (hexagonal  x^englte). 


(b)  Marlposlte  (lareferably,  chrcmlan  phengite  and  hexagonal 
chrcDian  phengite).  Chemically,  marlposlte  has  decidedly 
lower  CrgOj  (0.10  co  O.78  percent)  and  AI2O5  contents  than 
fuchsite  but  decidedly  hi^^er  SiOpi  the  latter  feature  neces- 
sitates it  being  considered  as  a variety  of  phengite.  The 
Al:Si  ratio  for  atoms  in  four-fold  coordination  vetrles  be- 
tween 2;l4  and  1:15  as  compared  with  4:12  in  fuchsite.  The 
structural  formula  of  maripoeite  as  calculated  by  Whitmore, 
et  al.  (1946)  compares  favorably,  nevertheless,  with  fuch- 
site and  muscovite. 


The  Indices  of  maripoeite,  on  the  basis  of  the  available 
Infomiatlon  given  by  Whitmore,  et  al.  (1946)  are:  a = I.56 

to  1.58;  p ^ 1.601  to  1.624;  = 1.60  to  1.65.  2V  is 

usually  small  but  one  is  reported  as  mch  as  40“ . The  in- 
dices of  marlposlte  are  generally  higher  than  those  for  fuch- 
site of  similar  Cr205,  and  in  scoie  cases  even  higher  than  for 
CrpOj-rlch  fichsltes. 


Some  msriposite  shcjws  pleochroism  X = deep  blue  green 
end  Y = Z paler  green.  Overlapping  of  value  of  the  optical 
co.-BtantB  for  maripoeite  and  fuchsite  make  accurate  deter 
minatlon  difficult  by  these  methods. 

(c)  Alurgite — for  a discussion  of  alxxrglte  see  pp.  ?6 

(d)  Leucophyllite  described  by  Start).  (I883)  frem  Austria,  la  an 
exceedingly  hlgh-siiica  muscovite  (57.il  percent  SiOp)*  The 
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nViiLljem f .however,  ehovrs  oniv  J..*9  l^rceui  hpv,  (plus  l.hp  t-erceno 
KapO)  which  mav  indicate  that  the.  analyzed  ji.aterial  was  iir-parCi 


leached,  etc. 


-j.a.llex’  (1990)  ioa.'?  ciochcs?! 


serise  nneco- 


vits-leucophyliite,  in  which  be  incl'^dcs  phengite,  alnTglte  and 
ii;arlposite . He  uaee  the  formula  s;ilMg(3i)hOio(C0)2^ 
leucuphylllte  siid-merDher;  this  'varies  considerahly  frcsa  that 
reported  by  Starkl,  (I88?)  with  regard  to  alkalies  and  aluminum. 


I 

I 


Schaller  (I95O),  In  interpreting  the  chemical  canposition  of  the 
hlgh>sllica  serlcltes,  places  them  Into  a muscovlte-leucophyllite  series  and 
demonstrates  that  they  8J.so  contain  important  amounts  of  a divalent  element, 
usually  magnesium.  He  also  notes  that  their  optical  properties  and  specific 
gravities  cannot  he  correlated  with  variation  in  chemical  composition.  Vari- 
eties placed  hy  Schaller  (1950)  in  this  series  include  phengite,  maripoeite 
and  alurgite  (in  nart). 

i 

Other  investigators  includiiag  Whitmore,  Berry,  and  Hawley  (I9U6), 
Hutton  (19iv0),  and  Wehb  (1939)  also  have  discussed  the  relationships  of  these 
micas  to  each  other  and  to  other  members  of  the  mica  family.  However,  very 
little  structural  work  has  been  done  on  them.  Hendricks  and  Jefferson  (1939) 
note  that  uniaxial  alurgite  from  St.  Marcel,  Italy,  has  crysteilllzed  as  the 
5-layer  hexagonal  polymorph,  whereas  the  so-called  alurgite  from  Cajon  Pass, 
Calif omia^  (Webb,  1939)  has  the  normal  muscovite  structure.  Whitmore,  et  al.  i 
(1946),  in  their  work  on  the  chrcxae  micas,  note  that  mariposlte  conforms 
chemically  with  phengite,  which  agi*ees  closely  with  Schaller  (1950),  and  they 
regard  it  as  a chromiferous  variety  of  phengite.  However  they  had  no  speci- 
mens of  mariposlte  suitable  for  single -crystal  X-ray  studies  and  state  tbat 
none  are  recorded  by  other  Investigators. 

High-silica  micas  commonly  have  been  reported  to  exhibit  two  optical 
phases,  a biaxial  and  a uniaxial  or  nearly  uniaxial  phase,  which  may  be  inter- 
grown  in  the  same  sheet.  These  two  optical  phases  are  structurally  distinct. 
The  uniaxial  type  has  a 3-layer  hexagonal  structur«.  whereas  the  biaxial  type 
has  the  noi^l  2-layer  Tnonoclinic  muscovite  structure.  Structural  determina- 
tions can  be  made  either  by  means  of  Weissenberg  photographs,  as  demonstrated 
b’  'enrixlcks  eind  Jefferson  (1939) > or  by  means  of  powder  photographs,  as  shown 
by  Levinson  (1955). 

Wy  have  obtained  a nxomber  of  hlgh-sllica  muscovltes  suitable  for 
X-ray  investigation.  This  section  correlates  structural  types  with  optical 
variations  in  these  micas  and  presents  our  conclusions  on  their  classification. 
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Dr.  E.  S,  Tcder  (peraoral  coEfflunlcation}  has  iiilciiaeci  us  that  the 
high-silica  aerie ites  frew*  Amelia,  Va , deecrilsu.  by  Glass  (1935)  have  the 
i-l.:;;y'er  m.oTic:>cl2.nic  6T,ructure , We  xiot  jiit  had  the  opportunity  to  study 

tiiese  micas.  It  ahould  he  noted  tlist  these  micas  are  of  pegsnatitic  origin, 
whereas  the  high-silica  micas  discussed  in  this  sectiem  are  generally  of 
different  parogenesis. 

2.  Alurgite . Alurgtte , St.  Marcel,  Ite0.y;  Both  uniaxial  and  hi- 
axial  alurgltes  from  St.  Meircel,  Italy,  the  type  locality,  were  X-rayed.  The 
uniaxial  sections  have  crystallized  is  the  5-layer  hexagonal  polymorph  and 
the  hiaxial  peuijs  as  the  normal  2-layer  muscovite  polymorph.  Penfield  (1893) 
noted  that  2B  was  as  large  as  57“ i Larsen  and  Berman  (193^#  P*  165)  report 
alurgite,  presumably  frem  the  same  locality,  with  2E  as  much  as  98“*  The 
Penfield  (1893)  analysis,  the  only  analysis  of  the  type  alurgite,  apparently 
was  made  on  material  of  both  uniaxial  and  biaxial  character.  Penfield  (1893> 
p.  289)  states: 

"The  largest  cleavage  plates  that  have  been  observed  eo«  about  I5  am 
in  diameter.  When  examined  in  coirvergent  polarized  light  some  shew 
a uniaxial,  others  a hieucial  interference  figure,  the  double  refrew;- 
tion  being  rather  strong  and  negative  ....  The  viniaxial  character  is 
undoubtedly  the  result  of  twinning,  for  plates  can  he  found,  which 
in  some  parte  are  uzilaxlal,  in  others  hiaxial,  and  where  the  plane 
of  the  optical  axes  is  in  two  different  positions.  Seme,  mccr’eover, 
give  a confused  interference  figure,  as  would  be  expected  from  two 
or  more  biaxial  plates,  placed  one  above  the  other  In  twin  posi- 
tions. There  is  no  difference  In  specific  gravity  between  the 
uniaxial  and  hiaxial  plates,  they  axe  identical  in  behavior  before 
the  blowpipe  and  there  ia  every  reason  for  believing  that  they  eure 
the  aame  chemical  substance.” 

Although  it  appears  possible  to  simulate  a uniaxial  Interference 
figure  by  systematically  stacking  thin  muscovite  sheets  (Reusch,  I869  and 
Sugi,  19^0),  it  is  structurally  Impossible  to  arrange  sheets  with  the  2-layer 
muscovite  structure  in  any  way  bo  that  the  5-layer  hexagonal  structure  re- 

BXlltS  . 


Although  Penfield  (1893)  states  that  al\irglte  is  monoclinic,  he 
notes  (p.  289): 

"When  treated  with  a mixture  of  strong  hydrofluoric  and  sulphuric 
acids  the  hiaxial  plates  show  monosymmetric  etching  figures  while 
those  of  the  uniaxial  plates  are  triangular  or  hexagonal,  similar 
to  those  of  muscovite  and  biotite,  described  by  H.  Baumhauer." 

The  5-layer  hexagonal  struf;ture  on  St.  Meurcel  alurgite  with  2Y  = 
0®  was  first  estahllshed  by  Hendricks  and  Jefferson  (1939) • 
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Alurgite  a,lsc  is  repoi’ted  t.o  ccc'or  at  Ceres , vail:,  dl  L-?.a.?.0;  Italy  ■ 
(Zambonini,  1Q22;  Geruaarc,  I925). 

Alurgite,  fcast  Tyrol,  A\.ifitr'a:  I'feixcer  (1959)  repo.r-^.'-.  ■ .ter  git  as 

from  several  localitieo  in  East  Tyrol,  Aufitria,  He  confirnis  the  j-artsence  of 
uniaxial  and  biaxial  phases  in  the  St.  Marcel  mica  fnrid  statee  that  the  red 
mica  fron  "Matrei",  East  Tyrol,  has  (p.  697)7  "Gene.u  die  gieichen  Eigenschaf- 
ten  ...  " 


Three  specimens  of  alurgite  frca  this  locality  were  obtained  fran 
the  Museum  of  Natural  History  of  Vienna.  Our  examinations  show: 


Viezma 

General 

Optical 

Number 

Appearance 

Character is  t ic  s 

Structure 

J2407  ' 

Very  minute 
rose  flakes 

27  = ca.  55® 

2-layer  mono- 
cllnlc  musco- 
vite (Weissen 
berg). 

G5950 

Crypt ocrye tall ine , 
deep  red.  Assoc. 
Mn-oxldes 

Blrefringcnt, 

27  not  determinable 

2-layer  mono- 
clinic  musco- 
vite (powder) 

G5951 

Crypt ocrystalllne , 
deep  red 

Blrefringeat, 

27  not  determinable 

2-layer  mono- 
clinic  musco- 
vite (powder) 

Since  chemical  analyses  of  material  from  this  locality  are  not  | 

avallahle,  the  mineral  cannot  be  classed  as  alurgite  with  certainty.  The 
existence  of  two  optical  phases  whose  presence  is  intimated  by  Melxner  (see 
above)  was  not  substantiated. 

Alurgite,  India:  Fermor  (1909)7  in,  a systematic  study  of  the  man- 

ganese deposits  of  Tnjdia,  reported  four  occurrences  of  red  and  pink  mica  which 
he  provisiorially  regarded  aa  alTirglte.  A small  specimen  labeled  "Alurgite, 
Ikabls  State,  Central  India",  was  received  from  the  Harvard  Mineraloglcal 
Museum.  It  bears  a general  color  resemblance  to  alurgite  from  St.  Marcel} 
the  fra^pient  is  biaxia.l  with  a large  27.  Welssenherg  photographs  indicate 
that  it  has  tlie  normal  2-layer  muscovite  structure. 


I 


I 

! 


I 

i 

I 


! 


I 

I 

I 


Alurgite,  Cajon  Pass,  California;  Type  material  of  the  alurgite 
described  by  Webb  (1959)  rechecked  by  us  and  the  results  are  identical 
with  those  of  Hendricks  and  Jefferson  (1959)  • This  mica  is  not  an  alurgite, 
chsmloally,  as  has  been  pointed  out  by  Schaller  (1950)  ^Iso  by  Webb,  1959)7 
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I for  its  silica  content  is  that  of  a aonnal  muscovite.  Since  its  structure  \ 

j is  that  of  ruirmal  as’csccvite  too.  it  mast  ha  classed  merely  a»  a ferrisxi  ! 

i auscoylte . f'rofessor  We'D'b  (perso'osl  coiUEuaication)  states  that  ,b.a  is  to  • 

! loE%er  coiT““i3,ced  that  his  material  is  true  alurgite . j 

I I 

Alurgitei  IflteTlfl , Svedaa;  Aiurglte  described  hy  Odisa'a  (19t0j 
containc  only  ¥5.67  percent  SIO2  and  h.56  percent  FepO^  and  is  chemically, 
therefore,  a normal  ferrian  miiscovlte.  X-ray  photcgraphe  of  flakes  of  this 
mica  shov  that  it  has  the  noanaal  2-layer  muscovite  structure. 

We  believe  that  the  term  "alurgite"  shotild  be  dropped  entirely  and 
material  of  such  character  be  referred  to  as  manganlan  phenglte  (car  hexagonal 
manganlan  phenglte).  For  the  historical  treatment,  ve  shall  temporarily 
continue  to  use  the  term  alurgite. 

3.  Mariposlte.  No  marlpoaite  suitable  for  single -crystal  vork 
could  be  obtained.  However,  two  specimens  of  fine-grained  mariposlte,  one 
fron  Carson  Hill,  Calaveras  Co'unty,  California  and  the  other  from  San  Frame  is- 
qvilto  Canyon,  LO0  Azigeles  County,  California,  described  by  Murdoch  and  Wsbb 
(1938),  have  been  studied  by  the  powder  method.  These  specimens  possess  the 
normal  2-layer  muscovite  suructure.  Unfortunately,  the  mater ial  is  so  fine 
grained  and  has  such  poor  crystal  develoiment  that  It  la  impoBsible  to  deter- 
mine the  optical  properties  with  certainty.  Although  Murdoch  and  Webb  (I938) 
state  that  the  mariposlte  is  found  in  flakes  10  to  12  mm  in  diameter,  these 
flakes  ac+ially  axe  composites  of  lnn\mierable , much  finer-grained  flakes. 
However,  they  show  considerable  birefringence  on  basal  cleavages,  indicating 
that  they  are  biaxial.  Specimens  of  mariposlte  with. a small  2V,  described 
by  Khopf  (1929),  from  the  Mother  Lode  area  of  California  could  not  be  obtain- 
ed. Sandr^a  (1950)  described  a mariposlte  with  2V<10°  from  Hoggar,  Algeria, 
but  again  sampl6  3 were  unobtainable . 

Whltnore,  at  al.  (19^6)  mention  that  specimens  from  the  Rawhide 
Mine,  California,  (Eai'vard  No.  869II)  have  smell  2V's.  These  specimens  were 
cbtaiisod  from  Harvard  restudy  but  we  are  unable  to  substantiate  the  pres- 
ence of  mariposlte  f]''\..3  vlth  small  optic  angles.  The  mariposlte  la  ex- 
tremely fine-grained,  and  the  few  shre-'.o  that  were  isolated  show  con’lderable 
birefringence.  All  efforts  to  isolate  enough  material  for  an  X-raj'  powder 
photograph  were  llkeviae  \insucceBeful;  the  photographs  sr>rw  the  xiresence  of 
quartz  and  a few  extnuaeous  lines . 

The  ^ab3.e  of  optical  properties  of  mariposlte  given  by  Whitmore, 
et  al.  (IS--.  I'‘  1^)  leaves  the  impression  that  a small  optic  angle  is  very 
common  in  marlpoBite.  1i/hitmore,  et  al.  (1946)  did  not  study  any  of  the  mari- 
poeites  by  means  of  X-raya.  We  predict  that  any  uniaxial  or  nearly  uniaxial 
mariposlte  that  may  be  found  will  be  shown  to  have  crystallized  as  the  3-layer 
hexagonal  polymorph,  for  mariposites  ore  merely  chromian  hlgh-sil''ca  musco- 
vitee . 
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4.,  Phaagltg- . Phenol  teg  ft'csa  It3_lj ; The  pb-eDfrite  anelj^red  end  | 
dor'..:,.  by  ?«gl.ta,ri  ^19??}  fTcSi  Fontene,  Geraianasca  VcuLle/,  ic  reported  tc  | 
have  'i  ;--'T  o.f  about  11®,  The  2?  of  the  tjpe  material  r'e  received  is  larger" 
tbas  1.^°,  ranging  generally  froiB  18*  to  55*  (eatimated) . Veissenberg  photo- 
grrapho  ot  aactions  vith  2V  Bear  55“  show  ttia  normal  2-'layered  muscovite  struc- 
ture, hut  photographs  of  the  sect ione.  -tfl-tli  the  smaller  2V  have  ccmhined 
pittsms  of  what  appears  to  he  the  2-layered  muscovite  form  and  th*  5-layered 
hexagonal  polymorph.  It  is  probable  that  patterns  of  the  pbenglte  with  2V  = 
11®  might  be  those  of  the  5-layered  hexagonal  polymorph  alone. 

Specimens  of  a mica  ceilled  muscovite  by  Jakob  (I929B,  No.  45)  have 
been  received  and  studied.  This  mica,  frcn  Passo  dl  G&sano,  Soazza,  Val 
Mesocco  is  uniaxieLi  emd  has  crystallized  with  the  5-layer  hexagonal  struc- 
ture. It  is  a hlgh-sllica  muscovite  (SIO2  = 49.01  percent),  and  has  the 
required,  relatively  large  content  of  a divalent  element  (MgO  = 5. 91  per- 
cent). This  mica  was  called  muscovite  by  Jakob  (I929B),  rather  than  phenglte, 
probably  because  of  its  occurrence  and  parageneeis,  for  the  term  phenglte 
apparently  has  been  used  by  seme  investlgatars  for  hig^-sllica  muscovites  of 
secondary  origin.  Although  this  mica  is  predcmlnantly  uniaxial,  se-vsral  small 
areas  in  -i  few  flakes  show  hi.refx'ingence  and  have  e m'cderate  27.  Gas  such 
isolated  biaxial  part  proved  to  have  the  normal  2~layer  muscovite  structure. 

Phengites  with  -the  two- layer  muscovite  structure;  Jakob  has  ana- 
lysed five  other  high-silica  muscovites  (Table  VI)  all  of  which  we  have  check- 
ed and  found  tc  have  the  normal  2-layer  monoclinic  muscovite  structure. 


TABLE  VI ; TTTFNGfTES  WITH  THE  TWO-LAYEE  STIfUCTDRE 
ANALYSSj  BT  JAEDB  (1925B,1929B,  I929C) 


Jakob's  No- 

Jakob's  Designation 

Si02 

MgO 

FeO 

FegOj 

18 

muscovite 

50.79 

2.60 

1.54 

2.94 

44 

phenglte 

50.^ 

4.15 

1.01 

2.97 

45 

aerie Ite 

48.80 

4.74 

0.00 

5.86 

46 

sericite 

5C.20 

5-32 

0..00 

9.62 

7‘* 

mu.scov.lte 

50.04 

5.64 

0.85 

2.44 

Jakob's  (I929B)  Nos.  45  and  46,  e,lthough  they  have  a mica  ''omposlT- 
tlon  and  the  im.^!covlte  pattern  as  shown  by  powder  photographs,  are  actually 
fragments  of  eerlclte  schist.  It  was  thought  that  the  high  silica  content 
of  these  specimens  might  be  due  to  admixed  quartz.  Microscopic  examination 
revealed  abenat  3 to  5 percent  admulxed  epidote  in  No.  45,  but  No.  46  Is  e.98en- 
tlally  pure  mica. 
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Tliere  exist of  course,  many  additional  exKr.jrioH 


rascovltes 


dsscrll.i;'’  ty  other  investigators,  vMch  ai-e  silica- 


a biaxial,  tvc-laysr  phase. 


examples  cited 


rich  and.  p?.‘cT>ab].j  have  onlyi 
'.'ve  cciffice  to  demonstraive  j 


that  not  nearly  a]J  high-silica  muBcovitoc,  of  vari'ous  vTtrietisa,  have  sntaJ.i 
optic  angles  and.  the  5-Ls,ysr  hexagonal  structure.  Wany  pliergites,  probably 
even  a majority  of  them,  ere  biaxiai,  and  possess  the  normal  2-layer  mono- 
clinic  muscovite  structure. 


2*  MdBcovlte , Sultan  Basin,  Washlngtcgi.  The  only  reported  musco- 
vite with  a small  2V  and  without  unusually  hl^  Si  + Mg  arkd/or  Fe2  1b  the 
5-layer  monoclliiic  muscovite  described  by  Axelrod  and  Grimaldi  (19^9)*  A 
portion  of  their  analysed  material  was  made  available  to  us  for  restudy  by 
means  of  Weissenberg  photograi^is.  As  explained  on  page  4^7  , a study  of  our 
Welssenberg  photographs  substantiates  the  existence  of  the  5~lB3^r  polymorph 
but  leaves  the  system  in  doubt,  for  we  do  not  consider  the  differences  in 
diffuse  scattering  to  be  of  sufficient  magnitude  to  warrant  classing  the 
structure  as  monocllnlc.  If  this  mica  should  be  considered  as  being  5-layer 
hexagonal  and  if  the  SiOp  determination  is  correct,  it  will  be  the  only  musco- 
vite with  small  2V  studied  by  us  in  which  the  three -layer  structvire  is  not 
associated  with  high  silica  content. 

6.  Other  roparxed  vuiiaxial  or  ne ar -uniaxial  muscavltes . The  mica 
from  Mt,  Mucrofloe,  Switzerland,  described  by  Khnitz  (1924^)  is  unlaxleil  and  is 
called  pbengite  (Si02  = 50.45  percent)  by  him.  Specimens  of  this  material 

could  not  be  secured  for  Z-ray  studies. 

Axe3.rod.  ard  Grimaldi  (1949,  p.  5&0)  note,  "Carl  Schmidt  found,  in 
a gneiss  fronn  chs  AduL-.  Mountains,  Switzerland,  a green  pleocbroic  muscovite 
that  was  uniaxial.  It  became  biaxial  on  heating  and  on  cooling  became  lan- 
iaxial  again."  Analyses  of  what  appears  to  be  similar  uniaxial  material,  and 
also  of  an  associate,.!  biaxial  mica  (2E  = 52°)  from  the  Adula  Mountains,  alsc 

collected  by  Schmidt,  have  been  reported  by  Wulfing  (1886). 


Mica  I 

Mica  n 

Si02 

47.69 

47.72 

TiOp 

0.11 

0.18 

AipOj 

/aO  "vra 

cu*  jyj 

oc  nX 

•.7'^ 

F6205 

1.02 

1.76 

FaO 

5.68. 

6.55 

MgO 

2.72 

2.50 

K^O 

9.06 

10.18 

Na20 

1.87 

1.70 

ago 

4.07 

5.42 

98.72 

99.77 

Mica  I is  reported  to  be  uniaxial;  Mica  II,  biaxial. 
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A Siii!ip.l.e  or  a'0£  of  these  ph.eTi^ites  vras  ■."'btjiii.-ed  the  of 

Kstural  History  of  Tienus  (f-’o,  G5599)*  Fror  tlie  appoorar.^'?  -y^  The  wa-erial;. 
it  seeius  to  be  similar  to  Mloa  I.  However,  o;ptical  iBs:a.r&inat.ie*:i  cf  the  saraple 
reveals  the  presence  of  two  phases;  a uniaxial  type  and  a normal,  biaxial 
muscovite,  which  are  otherwise  markedly  similar.  Wsissenterg  photographs  of 
the  uniaxieil  variety  again  show  it  to  possess  the  J-layei*  hexagcaaftl  structure 
whereas  the  mica  with  the  nonnal  27  has  crystallized  as  the  ccnmon  2-layer 
monocllnic  muscovite  type.  In  view  of  this  admixture  of  the  two  varieties 
in  material  supposed  to  be  homogeneous,  it  is  dcubtful  that  the  chemical, 
differences  reported  by  Vfulfing  (1886)  are  significant.  Further  proof  of  the 
composite  nature  of  the  sample  is  given  by  a powder  X-ray  photograph  ■vrtilch 
shows  lines  characteristic  of  both  polymoirphs  in  approximately  equal  inten- 
sities. 


I 


Scheerer  (1862,  p.  6?)  also  described  two  uniaxial  micas  from  a 
gneiss  near  Freiberg,  Germany,  which  are  high  in  silica,  S102  = 50*77  P®r- 
cent  and  51*30  percent. 

Puryarsova  (19^0)  reports  a yBllcr^'ish-gresn  mica  from  a granitic 
pe0<la^lte  of  the  ILoroaten  pluton  in  YoUiynia  asaoclated  with  albltlzed  ortho- 
cldse  and  lamellar  albite  that  has  27  = 8*  ( = 1.629  ^ 0.0045).  It 

is  pleochrolc  in  shades  of  light  green  and  occurs  with  fluorite  along  cracks 
In  quartz.  In  the  spaces  between  the  sheets  of  the  nearly  unlaxid  mica  is 
found  a lighter  green,  markedly  biaxial  mica  with  strong  dispersion  of  the 
optic  axes  (r<v),  Bxiryanova  (1940)  believes  these  micas  are  probably  closely 
related  to  the  potash  micas,  “gilberclte  and  ccokeite,”  formed  by  the  hydroly- 
sis of  orthoclase.  He  further  notes  that  light-green  micas  found  with  fluo- 
rite have  marked  dispersion  of  the  optic  axes,  either  r>v  or  r<v,  wiiereas  in 
similar  micas  unaccompanied  by  fluorite  the  dleperelon  of  the  optic  axes  is 
not  to  be  observed.  From  this  he  concliidee  that  fluorine  plays  an  active 
role  in  changing  the  optic  properties  of  green  micas.  This  hypothesis  cer- 
tainly requires  further  substantiation  before  it  is  acceptable, 

Clark  aM  Hunt  (I915)  concluded  that  the  mica  in  a dolam.ltlc  marble 
from  Cockeysville,  Maryland,  is  a muscovite,  even  though  it  has  the  optical 
properties  of  a phlogoplte.  Their  conclusion  was  based  on  a partial  rock 
analysis  idilch  dhewed  a discrepancy  in  the  A.l20^:S102  ratio  for  phlogoplte. 

A specimen  of  this  mica  has  been  X-rayed  and  the  structure  was  determined  to 
be  that  of  the  1-layer  monocllnic  polymorph,  with  intensities  Identical  with 
those  of  other  1- layer  idilogopltes . Thus  it  is  a phlogoplte  and  not  a musco- 
vite with  a small  27. 

Shibata  (1952A^  p.  1J5)  notes,  with  respect  to  a mica  from  the 
Bunsen  pegmatite,  Korea;  "White  mica  associated  with  pink  lepldollte  is 
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uaiejiiai  ije^titive  under  tbs  miorci.cope  and  is  considered  as  phengite."  An  | 

analysis  of  tliis  material  >>y  Stiibata  (i92y3r  p.  I50)  has  SiOg  = 43,24^^.  | 

MgO  = 0.90^,  and  FeO  + FepOo;  = 1.95^-  appeeurs  therefore  that  he  I 

calls  thi3  mica  a phengite  on  the  basis  of  its  uniaxial  character  and  ncf  ! 

because  of  its  chemistry.  Shibate  (19523)  also  describes  a ''liuiium  ;cl:engite’’j 
from  the  Uruchin  Mine,  Korea  and  states  that  it  (p.  155):  " ia  optically 

uniaxial  and  has  high  contents  of  iron  and  aagnesium.  These  characteristics 
coincide  with  those  of  phengite  and  it  is  bo  be  called  for  (sic)  'Liphengite * 
by  its  high  content  of  lithium."  Actually  this  mica  also  has  an  essentially 
normal  llthlum-bearlng  muscovite  composition,  with  SiOg  = 47. Mg  - 

1.4l^  and  Fed  + Fe20^  = 1.87^  aad.  Li20  = 3*02^.  These  aiceE  need  X-ray 

study. 


Posted  and  Adelhelm  (1944)  have  described  a white  muscovite  of  late 
hydrothermal  origin  from  the  Wissahickon  complex  in  Pennsylvania  in  which  the 
2V  varies  from  22°  to  50°.  The  explanation  they  advanced  is  that  random 
shifts  in  the  structural  planes  of  the  mica  may  have  some  bearing  on  the  lo>.> 
and  variable  2V.  We  have  been  unable  to  obtain  any  of  this  material  for 
X-ray  study  but  suggest  that  the  small  2V  may  be  due  to  a rotation  of  the 
individ\ial  normal  miiscovlto  layers  dljallar  to  that  described  by  Beusch  (I869) 
and  Sugi  (1940) . 

X*  Discussion.  Clearly  there  is  a definite  relatlonchip  between 
the  formation  of  the  3-layer  hexagonal  polymorph  and  the  high  silica  content 
of  these  muBcovitee . All  3-lsy&r  hexagonal  muscovltes  exMn^T^ftd  by  us  ekre  of 
the  high- silica  tyxK^  (phengites  j^  but  not  nearly  all  phengites  have  this 
stiPicture . Apparently  a larger  number  has  crystallized  as  the  2-layer  mono- 
clinic,  normal  muscovite  polymorph.  The  only  known  possible  exception  to 
this  generalization  is  the  5-layer,  Icw-slllca  muscovite  of  Axelrod  eind 
Grimaldi  (1949)  which  has  a normal  muscovite  ccoiposltlon.  Its  structure,  as 
has  been  discussed  above,  may  be  interpreted  as  monocllnic  or  hexagonal  (p.47) 

There  appear  to  be  throe  posTible  causes  of  the  polymorphic  vari>- 

atlon: 


(1)  tvi  lining, 

(2)  isoncrplious  compositional  changes,  and 
(5)  envlronaental  factors. 

As  has  been  noted  previously,  no  possible  twin  combinations  of  the  2-layer 
monoclinic  structure  can  be  arranged  to  yield  the  3"lay®r  hexagonal  stmcture . 

lio  systomatlc  differences  in  composition  are  known  to  distinguish 
t!as  hexagonal  from  tr-.e  monocllnic  phengites.  The  statement  in  the  Textbook 
of  Mineralogy  (Ford,  15J2>  P*  66O)  regarding  muscovite:  "2V  variable,  usually 
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about  liO'’,,  but  diaainlBhing  in  kinds  (piiengibe)  reJ-ativeir  high  in  silica"  is 
inccfl’rect.  Kunitz  (1924,  p.  585)  has  stated:  "Bei  einen  veiteren  Tergleich 
dieser  Auaiyse  ?nrj?an  sich  ini  allgems Jn/jn.  keins  groseeren  Abweichungen 
in  der  enemischon  Z'osHnaeiiBetziing  fasts ierder.,,  die  eine  hefriedigende  SrklS-  ! 
nnig  fur  die  fipiiDiighajrte  Anderung  ira  Aciise'winkel  geben  konnten.  He  suggests 
that  the  optically  saoiaaicfus  nature  of  ths  pbengitss  might  be  related  to 
details  iu  the  arraageicent  and  bonding  of  certain  atonie.  There  is,  of  course, 
no  ccrtain-cy  as  to  'whether  ths  fev  available  analyses  were  carried  out  on 
ccmpletely  uniaxial  or  entirely  biaxial  material.  This  also  apparently  holds 
for  those  by  Wolfing  (1886).  However,  frcm  the  small-scale  nature  of  the 
optical  variation,  probably  material  of  both  types  was  involved  in  each  anal- 
ysis. The  phengite  of  Psigliani  (1937)  is  a good  example,  for,  although 
the  literatiure  indicates  that  the  euaalysis  was  perfcavned  on  material  with 
a 27  of  about  11®,  type  speclrnsns  sent  by  Professor  Paglianl  also  have  a 
pronounced  biaxial  phase.  At  first  it  was  believed  that  the  \mlaxlal  portlane 
of  the  high-silica  muscovites  ml^t  represent  a mica  approaching  the  octo- 
phyllite  group  In  compos  it  Ion,  This  was  ruled  out  however,  for  the  calculatec 
atomic  ratios  indicate  that  all  of  these  micas  fall  definitely  within  the  hep> 
taphyllite  (muscovite)  group. 

It  does  not  seem  likely,  moreover,  that  the  control  of  the  poly- 
morphism can  be  described  entirely  to  composltiozial  variations,  as  is  rne 
case  in  the  muscovite-lepldollte  series  (Levinson,  1933)*  Hiengltes  of  appar- 
ently the  same  ccmpoeltlon  may  or  may  not  crystallize  as  the  $-layer  hexa- 
gcaaal  polymorph.  If  the  high  silica  content  exercises  any  control  on  the 
structure,  it  is  a permissive  rather  than  a requisite  control. 

The  environmental  factors  are  even  more  difficult  to  evaluate. 

Table  7II  lists  the  recorded  uniaxial  or  nearly  uniaxial  phengltes  together 
with  their  modes  of  occurrence  and  available  information  regarding  their 
origin.  Although  the  data  are  incomplete,  it  is  striking  that  none  of  these 
micas  has  formed  by  crystallization  from  a granitic  or  pegnatitlc  magma.  They 
are  either  of  hydrothermal  origin  or  occur  in  metamorphlc  rocks,  in  which 
their  exact  origin  is  luaspeclfied.  Although  muscovites  of  secondary  origin 
are  characterized,  in  general,  by  a somewhat  higher  silica  content  (the  so- 
called  high -silica  serlcltes)  than  magmatic  muscovites,  there  are  seme  peg- 
matltlc  phengltes.  These  have  axial  angles  of  normal  size,  and  those  checked 
by  us  possess  the  normal  2-layer  monocllnlc  muscovite  structure  (e.g..  No.  18, 
Jakob  I92SB  and  No.  34,  Jakob  I929C).  These  relations  suggest  that  li  the 
polymcrphiem  is  controlled  in  any  way  by,  or  related  in  any  manner  to,  the 
high  aillc*:  content,  an  unknown  physical  factor,  furnished  by  a hydrothennal 
or-  Bstamorphic  envlronmen-! , also  exist  br  active  bcfcrc  the  high-silica  musco- 
vite can  crystallize  eis  the  J-layer  hexagonal  polymorph.  Any  such  postulated 
environmental  control  miist  be  exceedingly  delicate  in  order  to  account  for  the 
email-seals  intergrowthe  of  the  two  polymorphs  in  the  same  sheet. 

Poster  (1952)  h8L8  observed  a correlation  in  mantmarillonltes  be- 
tween degrees  of  swelling  and  octahedral  substitunion.  In  psurticular  the 
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substitution  of  and  Fe'^^  ions  for  Al'^^  tends  to  alter  the  sxirface 

energy  of  the  montmoril Ionite  structure.  In  the  case  of  the  high-silica  musco- 
vites  it  seems  possible  that  the  distortion^  which  Hendricks  and  Jefferson 
(1959)  indicate  as  the  cause  for  the  invariant  muscovite  structure,  may  be 
correspondingly  reduced  as  a consequence  of  the  above-mentioned  substitutions, 
thus  permitting  other  polymorphs  to  form.  It  must  be  emphasized,  however,  that 
a decrease  in  distortion  as  shown  by  diminished  intensitites  of  (o6J?)ref lections 
' odd^d^  llthian  muscovite  structure  (Levinson,  1953)  is  be 

c ' the  Vfeissenherg  ^otograjiis  cf  the  bietxiai''alurgites  and 
phengites . Nevertheless,  It  is  possible  that  the  polymorphism  of  the  high- 
silica  muscovites  may  be  explained  by  the  fact  that  these  micas,  althou^  they 
approach  the  ideal  muscovite  (heptaphyllite)  formiila,  actually  are  composed 
of  layers  with  less  distortion  than  those  of  normal  muscovite;  the  jm.’.'ts  that 
crystallize  as  the  3-layer  polymorph  may  be  relatively  undistorted  and  are  thus 
permitted  more  choice  in  stacking  arrangement . 

The  cause  or  causes  of  polymorphism  in  muscovite  cannot,  at  this 
time,  be  specified.  In  order  to  solve  this  problem,  more  xmiaxial  muscovites 
must  be  studied  and  new  analyses  material  of  uniaxial  character  must  be 
compared  with  analyecs  of  mabe;clal  that  is  entirely  biaxial. 

! 

E,  Llthian  Muscovite 

In  the  coinrse  of  X-ray  studies  of  so-called  lepidolltes  a new  vari- 
ation of  the  muscovite  polymorph  has  been  discovered,  A 0-level  a-axls  Weis- 
senberg  photograph  of  this  form  is  shown  in  Fig.  6 (comiiare  with  Fig.  5)*  If 
is  apparently  confined  to  "lepidolltes"  with  a low  LipO  content  and  to  musco- 
vltes  with  a relatively  high  LipO  content.  For  this  variation,  the  term 
; "lithian  muscovite"  is  proposed,  to  distinguish  it  from  normal  muscovite. 

{ Lithian  muscovite  is  not  to  be  confused  with  lithium  muscovite,  the  hypothet-  j 
leal  end-member  used  by  Stevens  (1938)  and  Berggren  (1941).  This  variety  is  j 
not  cocmion,  having  been  found  in  only  10  micas  of  the  approximately  '^00  rausco-  i 
vltes  and  lepidolltes  studied.  The  following  ciiaracteristlcs  of  lithian  musco-j 
vlte  illustrate  its  close  structural  similarity  to  normal  muscovite.  Both  | 
j have : 

1 1.  Space  gi’cfup  C2/c . 

2,  Cell  dimensions  (approximate;  measured  or,  Weissenberg  photographs) 

ao  = 5.2  A;  bo  = 9-0  A;  Co  = 20.0  A,  S = 95"30’ . 

5.  (06/)  reflections  with  £ odd  present. 

4.  Oi'tic  plane  perpendicular  to  (Oljj. 


I 
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O-level  a-axts  Weissenberg  photograph  of  llthian 
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The  fcllowir^  points  are  different: 

1.  Indices  are  in  ^.he  normal  lepidolite  range 

at  = 1.532;  3 1.552;  r = 1.556. 

2.  Several  differencee  occur  in  intensity  of  reflections. 

The  more  Important  intensity  differences  for  (Okl)  reflections  in 
normal  muscovite  ?Jid  lithian  muscovite  are  given  in  Table  VIII.  The  observed 
intensities  of  normal  muscovite  are  those  of  Hendricks  and  Jefferson  (1959) • 

The  lithian  muscovite  structure  has  been  found  in  pegmatitic  micas  frcm: 

Tordal,  Norvay;  Newry,  South  Portland  and  Topsham,  Maine,  Eight  Mile  Park, 
Colorado;  Gunnison  County,  Colorado;  Pala,  California;  Usakos,  South  West  Afri- 
ca; Klmito,  Finland;  and  Londonderry,  Western  Australia. 


TABLE  VIII:  APPROXIMATE  OBSERVED  USTENSH'IES 

OF  SOME  (Oki)  REFLECTIONS  OF  NORMAL 
MUSCOVITE  AND  LITHIAN  MUSCOVITE 
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The  data  in  Table  VIII  demonstrate*  that  on  the  basis  of  the  presence 
cf  [OSjl)  reflections  with/ odd,  lithian  muscovite  must  be  considered  as  hav- 
ing crystallized  with  the  muscovite  type  structure,  but  with  lesser  distortion 
tha.n  in  normal  muscovite,  for  most  of  the  (06£)  reflections  with  X od.d  recox'ded; 
are  extremely  we?iik.  This  rlndlcatea  th' lithian  muscovite  approaches  more 
closely  the  octcphyllite  micas  in  etrur  r.ure  and  composition  for  , S.U  .i—ndrxcks  j 
and  Jefferson  (1959>  P-  758)  note:  tnese  reflections  " ...  are  absent  for  the 

two  layer  biotite-like  micas  and  none  is  observed  for  any  of  the  rrijcss  that 
give  (hOij  intensities  of  the  single  layer  strucuure  (except  muscovite)." 

A "lepidolite"  No.  1 analyzed  by  Stevens  (1958),  which  contains  only 
2.70  percent  LI2O,  has  crystallized  with  the  2-layer  muscovite  atracture,  ac- 
cording to  X-ray  analysis  by  Hendricks  Etnd  Jefferson  (1959) • Inasmuch  as  it 
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c'jrilci.tj’a  s'li'.'b  a jelc-.  r. 
to  thie  epeoimen  as  a 


iTftly  hx^'i  LirjO  ccr.tsnt,  Wirchell  (19^2, 
iithiua-beai'irig  muscovite . It  seemed  p 


p.  116)  referred  i 
08 Bible,  there-  j 


fare,  x.}uit  tie  iithian  s.us'ovlte  structure  shown  in  Fig.  6 was  identical  vith 
the  analjzed  >'j  Stevens  (1958)  'and  that  HendrickB  and  Jefferson 


(1959)  ;s»glected  to  report  the  intensity  differences.  Weissenberg  photographs 
cf  a sample  of  St-evens  Ho.  1,  confirm  that  this  “’iepldolite"  haa  the  normal 
nruBcovite  structure  as  stated  hy  HendrickB  emd  Jefferson  (1959).  Therefore, 
Fig.  6 of  Iithian  mxiscovite  llluetrateB  a new  variation  of  mascovite  which 
must  contain  at  least  more  than  2. JO  percent  Li20. 


Rcwledg©  (19^5)  iiae  briefly  described  a dozen  micas  and  siade  partial 
analyses,  including  LigO.  X-ray  studies  of  portions  of  these  analyzed  m\xsco- 
vites  and  "lepldolltes”  show  that  all  have  crystallized  as  the  normal  2-layer 
muscovite  polymorph.  Five  of  the  "lepldolltes"  have  LlgO  contents  between 
2.17  and  2.60  percent.  Similarly,  three  partially  analyzed  "lepldolltes?  from 
Western  Austral.ta  described  hy  Murray  and  Chapman  (1951)  were  X-rayed  and  found 
to  have  crystallized  with  the  normal  muscovite  strircture.  These  micas  contain 
5.-^B,  5.24  emd  5. 52  percent  Ll^O.  This  information,  coupled  with,  the  results 
obtained  from  Stevens  No.  1 (2. JO  percent  Ll20),  and  the  micas  de scribed  hy 
j Rowledge  (1945) > substantiates  the  conclusion  that  much  more  lithium  may  enter 
the  muscovite  stnicture  without  sensible  dlstortl<ai  than  has  generally  been 
’ realized. 

In  a specimen  of  mica  from  Hewry,  Maine,  labeled  "lepldolite, " the 
Iithian  muscovite  structure  grades  into  that  of  normal  muscovite.  The  dozen 
Weissenberg  photographs  of  flakes  from  this  specimen  show  the  critical  reflec- 
tions to  vary  in  intensity  between  those  of  normal  end  those  of  Iithian  musco- 
vite. Spectrcgraphlc  analysis  of  this  material  indicated  4.1  percent  Li20. 

A spectrographlc  analysis  of  a Iithian  muscovite  from  Tordal,  Norway  shows 

4.3  percent  Ll20.  (These  quantitative  spectrographlc  analyses  are  of  a pre- 
l.tffllnary  liature.  Futvsre  wet  chemical  analyses  may  Indicate  they  are  in  need 
of  revision.)  Therefore  Iithian  muscovite  probably  muei:  contain  at  least 

3.3  percent  LipO  and  can  contain  possibly  as  much  as  4.5  percent  LigO. 

In  attempting  to  explain  a form  ox  mueco/ite  with  such  a high  lithlUiii 
content,  one  must  Inquire  if  (1)  it  is  possible  for  such  a large  amount  of 
lithium  to  replace  aluminum  Isomorphously  in  the  muscovite  structure,  and  if 
j (2)  the  increased  number  of  lithium  at  mas  ers  sufficient  to  cavise  a reflec- 
j tlon,  such  as  (020)  , which  is  present  in  the  a’lscovite  structure,  to  disappear  | 
in  the  Iithian  muscovite  ttj'ucture.  Since  the  lon.ic  radii  of  these  elements 
are  similar,  Ai  ® 0.5^^  x.1  = 0.69^^,  the  oubfatitution  is  possible  and  the 
valence  difference  isay  he  countered  by  other  e u bat itut ions,  such  as  Sl+4  for 
A1‘*‘5.  However,  it  is  not  necessax'y  to  have  ieomorphous  I’eylaceaent  of  alumi-  j 
naa  by  lithium.  Since  the  muscovite  (heptaphyllite ) structure  has  only  2/3 
of  its  octethedral  posl.tion8  filled,  with  Increacing  Li  content,  tlie  vacant 
positions  grewiually  can  be  occupied  by  additlorai.i  lithium  ataas.  This  implies 
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tbe  eTi8teiice  of  a eeriei;  bstvaeix  heptapb;rliite  muacovite  with  a dietorir-sd 
structure , towai-d  oct-opioyiXltci  ieptdolite  with  an  uudie-corteu  o^a~icture . Ih© 
j presenre  of  extt^a«ely  weals  ( 06^)  reflectiona  with  odd  to.  lit.Llaa  muscorite 
I supports  this  ccncevt.  If  mflectioiir  are  entire  1,7  fttposit.,  th©  r.lca 

I iiejs  t:j0  -Lvadiaitorted.  2-3jayer  type  otrrcture . 

It  is  coaicluded,  therefore,  that  Id  ton.?,  in  teme  of  as  much  as 
5.3  percent  LljO,  can  enter  the  BMacoTlte  Btr>acture  without  causing  any  deter- 
ninahlo  structural  variation.  More  lithium,  prohahly  occupying  naraally  vacani 
octahedral  poaltions,  shifts  the  structure  toward  that  of  the  octophyllite 
micas.  In  llthlan  auscorlte  these  chaogies  are  already  prohabiy  of  sufficient 
magnitude  to  cause  a reflection  such  as  (020)  to  disappear.  Actually  this 
hypothesis  can  only  be  proved  by  means  of  structure  factor  calculations  .which 
have  not,  hoi^Tor,  been  undertaken  In  this  study. 

Tbe  fonaila  of  llthlan  muscovite  appraxiaates  E^CAl,!!)^^ 

(S16-7,  Alg_i)  O20  (0E,F)h;  optical  properties  of  repreaentatlve  epeclmena  are 
presented  on  pagpl^^.  The  chesilcal  and  structural  rel'stlanship  of  llthlan 
sniscoTite  to  noisal  minicovlte  and  various  lepidolltes  is  discussed  under 
the  auscoTlte-lepldollte  series.  (p.l39)> 
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III.  XCUHSKliCE 


I A.  Grardtea  and  Itelated  Becks 


MuflcoTltfc  iB  a relatively  rare  constituent  of  granites^  aplites,  and. 
a xiunber  of  other  closely  allied  acid  Igneous  rocks.  Its  most  characteristic 
occurrence  in  granites  is  with  biotite  in  muscovite-biotite  grajoites  (also 
known  as  tvo^mica  granites  and  formerly  called  binary  granites) . Muscovite 
granites  that  ccnxtaln  essentially  no  biotite  also  have  been  reported,  but 
such  ro>ck8  appear  to  be  tamsual  and  very  rare , In  addition  muscovite  occurs 
in  a group  of  q.uartz-rlch  rocks  that  have  been  d<»scrlbed  under  various  names, 
including  such  types  as  esaaraldlte,  heresite,  alaskite,  grelsen,  and  sllexlte. 
Most  of  these  rock  varieties^,  however,  are  either  metasomatically  altered 
granitic  rocks  or  represent  quartz -muscovite  rocks  of  hydrothermal  origin, 
either  replacement  cr  vein  materled. 

1^  aplltes,  mxtscovlte  Is  reportedly  the  most  widespread  mica,  being 
more  conmon  than  biotite,  according  to  Jobfinnaen  (1932).  However,  it  is 
rarely  abvndant  .‘Jn  aplite^  sad  there  exist  numerous  aplltes  in  which  it  is 
entirely  absent.  Likewise  there  are  others  that  contain  both  aiuscovite  and 
biotite.  In  Buecovlte-blotlte  granites  the  muscovite  usually  occurs  in  close 
aaeoclation  with  biotite,  not  uncommonly  in  parallel  intergrowth  or  overgroHth 
vtth  the  dark  mica.  The  contacts  between  the  two  micas  may  be  those  of  the 
crystallographic  outline  of  the  biotite,  or,  more  commonly,  irregular.  ‘These 
overgrowths  or  combined  overgrowths  eoid  replacements  have  large-scale  counter- 
parts in  pegpiatltes.  Muscovite  also  may  occisr  as  subhedral  to  anhedral 
flakes  that  cut  across  biotite  flakes  and  are  apparently  formed  by  replacement 
of  the  xatter.  In  fact,  some  iijrestigatorg  believe  ths,t  most  muscovite  in 
two-mlca  granites  has  been  formed  throu^  the  deuterlc  replacement  of  biotite. 
In  seme  cases  this  is  attested  to  by  the  presence  of  by-prod'uot  magnetite 
and  relict  biotite.  Granites  that  contain  muscovite  ere  usxoilly  microcline 
granites  and  do  not  contain  a pyroxene,  very  rare].y  an  eaphlbole. 


B.  PegoatjL'i'.eg 

i*  G^Peral . The  main  rock  type  and  the  chief  type  of  mineral  de- 
posits in  which  muscovite  occiars  is  pegmatite  of  granitic  or  granodoritic 
caBPo--iticin.  In  such  deposits  mica  usually  occurs  in  large  crystals,  which, 
1-.  . elatlvely  thick  and  well  formed,  are  known  as  bo<>ks . However,  aai^  peg- 
matites of  these  types  may  also  contain  considerable  flzie-gralned  muscovite 
in  flakes  and  scales  emd  also  much  dense  or  massive  crypt ocrystalline  musco- 
vite, usiually  of  secondary  orig.tn  and  canmonly  referred  to  as  sericite. 
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Od  the  besie  of  iheu:  Interna. I strucrrre,,  pe.^atftea  nr^y  be  divided  ! 
Into  three  main  types:  (l)unzoned  i«gmatitee  in  vhlch  there  le  no  different ia-i 

tlon  into  units  of  contrasting  l>stroiogy,  (2)  zoned  pegmatites  which  ere  j 

characterized  by  xnits  .of  coccrasting  mineralogy  or  texture  or  ootb.  which  j 

are  arranged  eoncCTdantly^  generally  para3JLei  with  the  overall  sh-'ape  and  | 

structure  of  the  deposit.  They  cccro.crJLy  show  an  approach  toward  hiletcral  i 

synmietry  vith  respect  to  a central  unit  or  core.  For  a couplets  discussion 
of  the  characteristics  of  zones  end  zoned  pegwatitesj  refereixce  should  he 
made  to  Heinrich  (19*^8)  and.  to  Cameroi^et  al.  (19^9) • (3)  Coaplex  pegmatites 

vhlch  contain  both  primary  zones  and  superimposed  younger  axxd  not  unconmonly 
transgressive  or  discordant  secondary  units,  such  as  veins  and  replacement 
bodies.  Muscovite  occurs  in  all  three  structxarel  types  of  pegmatite s' and 
occiiTB  in  all  of  the  various  zone  types  and  secondary  units. 

2.  Deposits . Eovever,  deposits  of  «u«s.covlte  Ir-  pegaetlt,es  are 
restricted  and  may  be  clasBified.  as  follows: 

a.  PlBBemlnated  beaks  in  unzoned  pegmatites:  These  are  uncoomanly 

of  major  ccamercial  significance  and  normally,  the  size  and  number  of  boox«  * 
are  small.  The  mica  books  are  indiscriminately  acattered  throughout  the  en-  | 
tire  thickness  of  pe^oatite.  The  ptegmatites  are  usmlly  coarse  grained  masses  j 
of  luertz,  aodic  plagloclsse  suid/or  ralcrocllne  and  of  varying,  but  aeualiy  low,| 
percentages  of  hook  mica.  In  a few  .cases,  thin  border  zones  may  be  present. 

The  mica  in  some  may  be'  sacewhat  concentrated  in*^a  very  irregular  fashion, 
closer  to  the  walls  or  along  ill-defined  quartzose  peuiis  of  the  pegmatite . 

Pegmatites  with  disseminated  emscovite  are  usually  relatively  thin 
tabular  bodies  or  pods  of  short  extent, 

b.  Wall-zone  deposits:  This  type  probably  is  the  most  camnon,  wide- 

spread, and  valuable  from  the  standpoint  of  the  total  quantity  of  high-quality 
mica  prodxiced  from  it.  In  this  type,  large  books  of  muscovite  occur  concen- 
trated in  the  wall  zone  of  pegmatites  together  with  sodic  plagioclase,  usually 
ollgoolase,  and  quartz.  Minor  emounts  of  microcline  and  other  accessory  con- 
stituents, such  as  hiotite,  also  may  be  present.  Wall-zone  muscovite  deposits 
may  occur  in  both  the  hanging-wall  and  footwall  ports  of  this  zone  or  may  be 
confined  to  only  one  side. 

In  sojae  pegsatltes;  particularly  those  tliat  dip  flatly,  there  are 
marked  differences  in  color,  structural  defects,  and  concentration  between 
the  hanging -wall  and  footwall.  muscovites.  If  color  differences  ore  present, 
the  hanging-wall  muscovite  commonly  is  ruby,  whereas  the  footwall-  mica  Is 
green.  The  hanging -vail  concentration  may  he  richer  or  leaner  thian  th*at  of 
the  footwall  , but  often  is  distinctly  richer. 

Not  xmcoQtmonly  within  the  zone  there  may  lie  second-oi'der  concentra- 
tions or  shoots,  which  have  been  localized  along  a minor  structural  feature 
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jf  the  pf-oiiia'' its  s'ach  a,i  c.  yips-lii;e  roll  ir.  ^he  contact.  Ir.  yf--  •.  ■ ; .jiuet It"? 
this  shoot  his.8  been  foraed  elong  the  trough-1 . Ike  keel  at  the  bocto;:'  ot  the 
pegmetlte  where  the  hangifn^-wall  and  footwall  unite  merger  ir.  othei’s,  the 
vall-r.cr  > concentration  iise  along  a aharp  upper  ridge  or  creel  . 


Where  large  w&il-rock  s:eno],.i‘i'rii3  rave  been  enclosed,  well  zones  of 
aica  also  may  have  been  formed  in  sonewhat  more  interior  parts  of  pegmatites. 

£.  Intermediate  - zone  deposits;  One  type  of  inter.Tnediate-zone  de- 
posit Is  the  core-margin  type;  in  it,  the  mica  books  lie  directly 'adjacent  to 
the  central  xmlt,  particxilarly  if  the  core  consists  of  quartz.  It  is  not 
always  certain  merely  from  tiie  position  or  the  shape  of  this  type  of  deposit 
whether  it  is  a primary  ma^oatic  intermediate  zone  or  whether  it  represents  a 
replacement  unit  localized  along  the  core -intermediate  zone  contact.  In  flat- 
lylng  deposits  this  designation  meiy  become  particularly  troublesome,  for  in 
such,  the  core-margin-  unit  typically  is  confined  to  the  footwall  side  of 
cores,  whereas  in  steeply  dipping  or  vertical  pegmatites  it  is  equally  well 
developed  on  both  sides.  Not  uncommonly  the  mica  books  project  into  the  core 
qijartz  and,  after  removal,  leave  Impressions  (mica  "footprints”). 

Where  mica  zot^es  are  developed  on  both  sides  of  a core,  there  also 
may  be  njarked  variations  in  quality  and  concentration.  If  the  core  is  develop- 
ed as  isolated  pods  the  core-margin  zones  are  also  markedly  discontinuous. 

With  this  type  there  may  also  perhaps' be  grouped  the  so-called  pod  deposits, 
which  arc  characterized  by  very  poorly  developed  or  embryonic  zoning  and  in 
which  the  muscovite  is  more  or  less  restricted  to  margins  of  Irregularly 
defined  ceres,  of  coarse -textured  quartz,  or  quartzHBlcrocllne  uodles  scatter- 
ed Irregularly  throu^out  finer-grained  pegmatite.  Another  variant  is  found 
in  the  Alabama  mica  pegmatite  district  in  which  disc-like  masses  of  quartz, 
usiially  a foot  or  less  long,  are  scattered  rather  uniformly  in  subparallel 
position  throiighout  finer-grained  pegmatite  and  are  fringed  by  clusters  of 
small  mica  books.  Both  the  pod  and  quartz-plate  types  of  deposits  represent 
types  transitional  between  deposits  in  unzoned  pegmatites  and  those  In  some 
zoned  pegmatites. 

d.  Central -unit  deposits;  These  are  relatively  imcommon  and  show 
several  variants.  In  some  pegmatites  of  the  southeastei’n  states  the  core  con- 
sists of  "burr-rock,"  a q’j£irtz-rich  material  with  scattered,  small, partly 
%Mgrad  m\iscoyite  books.  In  a few  pematites,  for  example,  several  In  the 
Alabama  district,  a narrow  central  portion  is  occupied  by  a tabular  muscovite - 
rich  mass  which,  in  same  cases  at,  least,  may  represent  the  coalescence  of  the 
two  arms  of  a core -margin  tyx>e  of  mxiscovite  deposit  beyond  the  end  of  the 
quartz  core. 

In  certain  pegmatites,  usually  the  narrower  ones  in  a district, 
j muscovite  boohs  are  disseminated  throughout  a central  zone  of  pegmatites  that 

! 
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! ai-e  'bizonal.  In  such  cases,  ttowerer,  ths  central  unit  is  not  a tr-;^cal  core,  | 
j but  consists  of  material  of  vall-zone  ccmpositlon,  and  thus  it  Is  "•■'cl'les^atic  j 
1 vlt-the.r  aapo*?it3  cf  this  type  ehoxild  best  be  referred  to  as  the  vsili-aone  ! 

j or  the  central-sone  type  of  deposit.  Whete  such  pegmatites  ae-elr^p  i 

j cu&it?  cores  at  lover  horizons;  the  mica  not  uncoinBQtily  reci&ins  in  the  yr-.l  i | 
i zone . I 

I 1 

i 

£'  yracture-  controJLled  reina  and,  replacement  depoaits;  Thin  tabular 
lenses  or  yein-like.  masses  as  well  as  iai.*ger,  more  irregular  bodies  rich  in 
muaco7ite  can  be  found  cutting  across  the  zonal  strucjbure  of  pe^natltes  In 
several  districts.  Seme  of  these  secondary  units  contain  considerable  quartz^ 
mlcrocllne,  and  plagioclase,  as  well  as  book  muscovite,  vbereas  others  const. 
essentleuLly  of  muscovite.  In  the  narrower  veins  the  mica  flakes  are  caasaonl. 
oriented  parallel  to  the  plane  of  the  fracture,  but  in  some  of  the  larger, 
more  irregular  secondary  units  the  muscovite  occurs  typiceilly  in  comb  struct.  . 
with  the  long  axes  of  the  blades  more  or  less  at  rlg^t  angles  to  the  plane 
of  the  unit.  Also  in  these  deposits  large  irregular  masses  of  small,  randcmlj' 
oriented  books  ("bull"  mica)  are  conmon,  as  well  as  coeupse  rosettes  and  irregu- 
lar clusters  of  radially  or  semlradially  arranged  blades  and  books.  Wedge 
and  A structure  are  paurtloularly  abvmdant. 

yracture- guided  or  contact-guided  replncsoent.  masses  form  large  ard 
conspicuous  units  in  peginatltes  of  some  areas,  tremsectlng  emd  corroding  one 
or  more  zones  and  replacing  otter  zones  entirely  or  in  part.  Such  units 
caamoaly  consist  of  alblte  (Including  cleavelandlte)  and  muscovite,  as  well 
as  a large  number  of  various  accessary  ailnerals.  The  secondary  mineralization 
Is  rarely  haphazard,  however,  eind  usually  Is  related.  In  position  and  Inten- 
sity to  the  overall  shape  and  stmxcture  of  the  pegpiatlte  or  to  position  and 
shape  of  some  of  the  zones.  Closely  spaced  parallel  or  subparallel  fractiare 
sets,  ccmmonly  curved,  may  form  the  basis  for  the  beginning  of  the  replacement. 
In  otter  cases  the  contact  between  the  core  and  the  adjacent  intermediate  zone 
baa  served  to  localize  the  initial  replacement.  If  the  pegmatite  is  hori- 
zontal OP  flat-lying,  core-margin  replacement  may  be  unilateral,  confined  to 
the  footwall  aide  of  the  core,  exclusively. 

The  intensity  of  the  replacement  ia  ccmmonly  strongest  along  keels 
or  basal  trouts  of  markedly  plunging  pegmatite  bodies,  althovigh  rolls  In 
hanging -wall  contacts  also  serve,  less  ccaanonly,  as  loci  of  concentration. 

£•  Ccmblned  deposits;  Seme  pe^natltes  contain  mica  concentrations 
In  two  or  more  types  of  lanlts;  for  example,  it  may  occur  in  the  wall  zone  and 
in  a core»margin  unit,  or  in  a pod-like  dep-.  sit  together  with  fracture-con- 
trolled muscovite  veins.  Usually  in  such  deposits  there  eure  significant 
structural  and  chemicaLl  differences  between  the  micas  from  the  two  different 
types  of  units. 
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2.’  Sxo2iOjrx>Llc  a f’®w  districts,  reiatlTeiy  .large  mica 

■books  formed  by  replacement  and/or  re  crystallization  occur  in  the  vail  rock 
close  to  the  tnorgia  of  the  r-.  .snet-Ite , In  some  cases  only  scattered  books  are 
present,  vhereae  in  other  depceits  small  local  concentretiona  hsve  been  mined. 


Other  occurrences : Graphic  to  dendritic  Intergrovths  of  fine-grained 

fledsy  muscovite  vita  various  miraerals  are  oonnnon  in  the  outer  parts  of  peg- 
matites In  various  regions.  The  most  ccais.cnly  Intergrovn  spscisa  is  quartz 
In  vhlch  the  muscovite  forms  plumose  to  dendritic  aggregates  . Heinrich  (191+8) 
has  described  the  occurrence  of  these  videspread  and  characteristic  inter- 
growths  In  sctne  Colorado  pegnatites.  Other  less  common  intergrovths  occur  vith 
mlcrocline,  garnet,  and  touimallne. 

Tlne-gralned  secondary  muscovite  (serlclte)  Is  also  a'bundant,  ccnmon- 
ly  as  a replacement  of  mlcrocllne  or  plagloclekse,  hut  also  forming  at  the  ex- 
pense of  tourmaline,  hexyl,  topaz,  spodumene,  amhlygondte,  garnet,  and  many 
other  less  ccomon  species.  In  some  cases  this  pseudomoirphlc  muscovite  may 
be  in  the  form  of  relatively  coarse  scales  and  may  be  the  variety  rose  musco- 
vite (Heinrich  and  Levinson,  1953). 


Deposits 


M\iscovlte  Is  a not  uncommon  constituent  of  quartz  veins  in  many 
districts,  partlculeurly  in  those  in  vjhich  pegmatites  are  common.  Some  af  these 
mlca-hearlng  veins  etre  difficult  to  classify,  for  they  may  he  somewhat  feld- 
spathlc  eu3d  resemble  quartz-rich  pegnatltes.  In  scase  examples  the  muscovite 
occxirs  as  parallel,  coarse  flakes  near  the  vein  margins  and  may  be  at  least 
peurtly  of  endomorphic  origin,  Muscovite  occurs  in  some  alpine-type  veins 
believed  by  Swiss  mineralogists  to  have  been  formed  by  precipitation  of  materi- 
al leached  frcm  vail  rocks. 

LithivoD-hearing  muscovltes  (llthionlte)  are  reported  as  common  con- 
stituents of  tin  veins  and  greisen.  Coarse  muscovite  is  generally  believed 
to  'be  indicative  of  hlgh-tenperatxire  environment  for  the  veins  or  lodes.  On 
the  other  hand  aerie Itization  of  wail  rock  is  most  strongly  developed  accenpa- 
nylng  mesothermal  deposits.  In  this  connection  the  work  of  Epy  (19*+9)  ®ay 
have  significance. 


D.  Metamorphlc  Hocks 


Muscovite  is  a videspread  product  of  the  low-grade  regional  meta- 
mcrphlsm  of  argillaceous  and  arenaceous  sediments  in  such  rocks  as  elates, 
serlclte  phyllitee,  chlorite -sericite  schists,  muscovite  quartzites,  schistose 
gi'Stf'f  muscovite  pchlsts,  and  muscovite -biotite  schists.  Muscovite  a.'^.ao 
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■ 1-  'f^hfir-grade  roriie  =iuch.  fia  g jLll-lraanite  gnelosee 
aiul  garnet -bic'tite  gcelRpes,  Lcw-gis,us  reglom.1  r»n.aEioi*pbJ  ot  '<1  intenaediate 
igneoue  rocks  prciducea  calc  echiate  with  aibite^  aerie ite,,  chic  rite  and 
epidete  „ Sic, liar  lueta’Borphi&a  of  more  feislc  types  results  in  aihite-serlcite 
pchiats  or  musccrv'ite  dchiate.  jferscoTite--glaucopha.r.'e  echiata  also  are  kno«n. 

Kiiacovite  also  forma  during  the  early  stages  of  the  contact  fflotaacr- 
phlam  of  argillaceous  Bediments,  hut  with  advancing  met  amor phiam,  gives  way 
to  orthoclase. 


During  retrograde  metamorphieTO,  altanincws  sllicateB  are  conimonly 
transformed  into  sericite;  these  Include  andaluslte,  kyanlte,  coordlerite, 
sllllmanlte,  potash  feldspar,  plagioclaae  and  stavirolite  ("shimmer  aggreg£.te  ' ; . 
Some  investigators  insist  that  these  changes  require  the  introduction  of 
petassium,  whereas  others  helieve  that  sufficient  x>ot6i8clum  is  available 
throu^  the  decomposition  of  the  potash  feldspar. 

Muscovite  ia  also  fonaed  by  means  of  low-  to  medium-grade  metaecma- 
tiaiB,  notably  in  contact  aureoles  close  to  the  granite,  where  it  may  replace 
earlier -formed  higher-grade  alusinum  silicates.  Bxosaorphlc  muscovite  also 
occxirs  coumcnly  in  wall  rocks  along  the  margins  of  pegnatites,  for  example, 
in  ibe  Petaca  district.  New  Mexico,  in  the  Black  Kills,  South  Dakota,  in  the 
Latah  County  district,  Idaho,  and  in  central  Coior-ado.  At  the  Clein  deposit 
In  the  Alabama  district  a sheath  of  fine-grained  ausccvlte  flakes  has  been 
developed  around  a body  of  apllte  intruded  into  bloxite  gneiss  (Heinrich  and 
Olson,  1953). 

Muscovite  has  been  synthesized  by  Boll  (1932)  at  tbout  200“C.  and 
Roy  (19^9)  resynthesized  decoapoeed  muscovite  at  650®C.  iinder  high  water- 
vnpo’*  pressure,  showing  that  the  mineral  is  stable  in  such  an  envlronnent  to 
at  least  this  temperature. 


K.  Sedimentary  Rocks 


The  micas  that  occur  In  sedimenteny  rocks  as  authigenic  constituents 
belong  chiefly  to  the  illite  group  and  are  characterized  by  a deficiency  in 
K Ions,  whose  positions  are  partly  occui>ied  by  Lydronium  ions  (Brown  and 
Norrlah,  1952).  This  investigation  has  not  been  concerned  with  the  Illite 
group  of  minerals.  Of  course,  detrital  muscovite  and  blotlte  also  occur  .‘n 
rarioxis  clastic  sedimentary  rocks. 


F.  Variation  of  Composition  with  Occurrence 

Several  attempts  have  been  made  to  plot  any  systematic  relationship 
that  may  exist  between  variation  in  ccmposltlon  and  variation  in  occurrence. 
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I T-Li:  r.lr?t  i’"'.?\3.oce9B£ul  plot_,  loade  by  the  scnicr  author  sarerR"’-  ywers  agO;.  | 

! InToIvfed  a recasting  of  seTeraO.  hundred  cuecovite  analyse b into  tl-iree  ecus-  ! 

i ponents*  A - AlgOj,  B = FeO  + M,x?0  -*•  RnO  + L:./;-3,  C - Fe.^O^  -t-  | 

! TlQ^  ■(  MnpOx . These  were  reo.alcuiauea  no  cbe  tabit 

I tsd  on.  trianguler  graphs  for  tha  following  groupa;  gram:tic  arrscovites.  peg- 
matitlc  muscovite 8,  hydrothermal  inu-ocovitea^,  mstoo;i.orphic  jnurc- vitas  and 

sedimentary  m’iscovltes . 

I 

i 

Another  similar  attempt  used  as  the  three  cemponsnts:  A = FeO  + 

KgO  + RnO,  B = AlgOj  ^ ^2^3  * ^^02*  result- 

ed In  a better  dlstrlbutiosi  of  the  ixslnts,  but.  In  general,  the  spread  within 
each  paragenetic  group  approached  the  variational  range  for  the  entire  collec- 
tion of  analyses.  Some  trends,  however,  were  apparent  frem  the  plot:  (1) 

Fegsatltic  Buscovltes  show  the  gireatest  range  of  compositional  variation. 

(2)  Most  of  the  hl^-slllca  aniscovites  (phengltes)  eure  farmed  under  conditions 
of  regional  metamarphism.  (3)  Fine-grained  Muscovites  ( "aerie Ites")  of  low- 
temperature  origin  tend  to  have  potassium  slightly  deficient  emd  water  slightly 
In  excess.  (4)  F and  LI  appear  eOmost  entirely  in  pegmatitic  eind  in  high- 
temperature  hydrothermal  muecovltes. 


97 


EWGfNC£RfN*S  ^mmZH  »?<^STfIUTr  ' UNivERSITY  OF  MICHIGAN 


TSuKAin-XC  jCTtfCCvrPK 


A.  structural  Defects 

Many  muBcorite  lodke  are  Imperfect  crystals^  contailiLlDg  a variety 
of  macroecoplc  Imperfectlisne. 

1.  Beeves:  Shallov,  closely  spaced,  parallel  grooves  or  narrow 
comigatlons  tliat  Intemxpt  the  cleavage  continuity  to  various 
depths.  The  reeves  are  oriented  pareillel  with  (110)  and  (010). 
Several  coabinatlons  of  lines  are  coomon:  A structure — 2 sets 
of  reeves  In  a T-pattem,  Intersecting  at  60*;  double  A struc- 
ture— 3 sets  of  reeves,  Joining  at  a common  center  at  oxigles  of 
60“j  herringbone  structure  ("flshback"  or  "flshbane") — 2 wide 
sets  of  reeves  at  120®,  bisected  by  a third,  prosilnent,  narrow 
set;  radial  reeves — at  60®,  six  sets  radiating  from  a ccBDion 
center . 

2.  Ruling:  Sets  of  parallel  parting  planes,  cutting  the  cleavage 

at  67®  and  parallel  with  (110)  and  (010).  One,  two,  or  three 
sets  may  be  present,  resulting  in  strips,  rhombs,  or  diamond- 
shaped  pieces. 

3.  gractures:  UsuaJAy  curved,  sharp  breeiks  that  are  not  crystal- 

lographlcally  oa^iented.  May  be  semi -radial  from  large  inclu- 
sions, x>artlcularly  quartz.  £zt3remely  fine  cracks  that  appear 
only  as  the  book  la  split  aru  called  hair  cracks. 

^dge  structure : The  books  are  wedge  shaped  In  urose  section, 

that  la,  the  sheets  or  laminae  are  tapering.  Vedge  and  A 
structure  not  uncoamodly  occur  together. 

3.  Varjilng;  Ridges  or  waves  cf  varying  dimensloDB  and  extent, 
frcai  minute,  abundant  crenulat iouE  to  broad  warps  or  buck- 

■L I iiga . o cLx  c;  ouAx  ^ lii  - " 1 flexures  that  result 

1x1  a stairstep  surface  on  cleavage  faces. 

Block  structure:  Some  mica  books  consist  of  sll^tly  dis- 

oriented, discrete  units  whose  orientations  deviate  a few 
degrees  from  those  of  their  neighboring  blocks.  The  surfaces 
of  the  blocks  extend  Inward  to  the  crystal  center.  This  Is 
one  of  the  causes  of  imperfect  cleavage  ccioss  che  entire  book 
("locked"  or  "tangled"  mica).  Concentric  structure  Is  n 
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variation  of  this  in  vrich  ama.!!  mioa  platc-o  sro  nf^oriontefl.  vith  I 
respect  to  t:aeir  mi^bors  that  the  aggregate  forj'iy  a '■■.•rvtrig,  }iemi-  { 
spherical  loasa , One  way  in  which  such  a etructure  ■’erne  i«  by  dspo-  | 
sition  over  the  currei  surface  of  a sheave  of  clsu-  c;'' ■.  I’l&AeB.  j 

1.  Muscovite -Biot ite  Overgrowths  and  Intergrowthe.  Kuscevtte  and 
hiotite  ccBimonly  occi-ir  together  in  composite  books  or  strips,  in  which  the 
two  micas  have  their  cleavage  planes  parallel  or  nearly  so.  In  sane  types  one 
species  surrounds  or  , nearly  encloses  the  other,  and  the  boundary  between  the 
two  BUiy  bo  a eubedral  crysteLL  outline  or  it  may  be  highly  irregular.  Commonly, 
blotlte  is  enclosed  in  muscovite.  In  a few  of  these  the  enclosed  crystal  is 
markedly  pyramidal  in  habit  and  tapers  parallel  to  c,  so  that  at  one  end  of 
the  crystal  the  central  mica  occupies  a much  smaller  pajrt  of  the  sheet  than 
at  the  other.  Normally  the  Included  plate  or  crystal  is  bounded  by  prism  and 
plnacold  faces.  A few  rare  examples  consist  of  a euhedral  muscovite  core,  an 
intermediate  biotlte  strip,  and  a muscovite  margin. 

In  other  compos Ite  books  there  is  no  regular  pattern  formed  by  the 
two  micas.  The  cleavages  of  the  two  are  still  generally  parallel, but  the  dis- 
tribution of  the  two  types  either  across  the  cleavages  or  parallel  to  c is  not 
systematic . 

Seme  examples  of  these  overgrowths  and  intergrowths  are  described 
below.  The  only  nonpegmatitic  occurrence  cf  muscovite  and  blotlte  Intergrowths 
was  reported  by  Johannsen  (193S).  A nepheline-bearlng  dlorite  called  dun- 
gannonlte  contains  small  amounts  cf  yellow  to  greenish-brown  blotlte  intargrown 
with  muscovite.  However,  eubparallel  intergrowths  of  the  two  micas  are  not 
uncoBJBion  in  two-mice  granltee  , 

<^o«iTX)eite  books  of  pegaatitlc  bictite  and  auscovite,  as  much  as  12 
inches  across,  have  been  reported  from  the  foaJLowing  representative  localities: 

Southeaetern  Piedmont  uiatrict;  The  Mitchell  Creek  Mine,  Upson 
County,  Georgia,  he,s  produced  muscovite-blotlte  intergrowths  of  several  ya- 
rietlee.  Furcron  end  Teague  (19^5)  report  sheet  muscovite  books  wrapped  by 
sheet  biotite,  biotite  books  included  in  moscovlte,  and  muscovite  Included 
In  blotlte.  Both  species  have  a ccramon  cleavage  plane.  Lester  (19**-6)  found 
two  types  of  Intergrowths  at  this  locality.  ITie  first  is  a tight  Intergrowth 
in  wnich  luo  two  micas  possess  a common  d savage  plane.  Thin  sheets  of  this 
type  can  be  cleaved  as  easily  across  the  line  of  contact  as  within  the  in- 
dividual micas.  The  second  type  is  a loose  Intergrowtb  with  straight  bouiviar- 
les;  the  two  micas  possess  cosanon  planes  of  cleavage,  but  tend  to  sepeirate 
readily  when  cleaved  across  the  contact. 

Sum-colored  muccovlte  showing  heavy  A structure  and  containing 
six-sided  inclusions  of  biotite  has  been  reported  by  Furcron  and  Teague  (19^5) 
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fraji  the  p5;v‘?.-'5  Mine  in  Soni-oe  County^  Ceargla.  They  also  found  a ainor  ! 

occ'^irrauoe  of  biotite  cryetaJ^a  included  in  sheets  of  muscovite  fran  the  follow-j 
localtci.:.  'in  Georgia;  | 

i 

hick  Fletcher  Mine,  Monroe  County  i 

V.  M.  Gooch  Mine,  Lum^iri  County 
V.  A.  Sullivan  Mine,  TJhlon  Coimty 
Chapnan  Mine,  Ell>ert  County. 


In  Mitchell  County,  North  Carolina,  Sterrett  (1923)  found  crystals 
and  sheets  of  hlotlte  with  Included  crystals  of  nuscovlte  emd  vice  versa. 

The  two  micas  generally  occur  in  parallel  intergrowth  and  have  a coomon 
cleavage.  Studies  of  a specimen  of  hiotlte  enclosing  a rhombic  crystal  of 
■uscoTlte  showed  the  two  micas  to  have  appurazlmately  parallel  percussion  fig- 
ures and  optic  planes. 

Seme  pegmatites  of  the  Spruce  Pine  District,  North  Carolina,  con- 
tain biotite  intimately  mixed  with  oligoclase  and  Brnscovite.  Ifeiurlce  (19^) 
reportB  that,  in  the  outer  zone  of  the  pegmatites,  muscovite  frequently  forma 
an  outer  zone  euroimd  biotite  crystals.  Thin,  flaky  sheets  or  laths  of  biotite 
occur  as  ve Inlets  in  parallel  intergrowth  with  muscovite.  The  laths  are 
usually  less  than  4 Inches  long  6ind  l/l6  inch  thick. 

Sterrett  (1923)  also  reported  parallel  Intergrowths  of  biotite  and 
suscovlte  f.vcm  the  Hamilton  Mine,  Ashe  County,  North  C6U^ollna,  the  Big  Bidge 
Mine,  Haywood  County,  North  Carolina,  and  the  Chalk  Hill  Mine,  Macon  County, 
North  Carolina.  Pogue  (19^-1)  found  six-sided  plates  of  blotltu  enclosed  in 
muscovite  at  the  Buck  Creek  deposit,  Mapon  County,  North  Carolina.  Examples 
also  are  cited  by  Jahns;  and  Lancaster  (1930). 


NcirtheaBtem  Uhited  States:  Several  occurrences  of  blotlta-miiscovite 

Intergrowths  have  beer,  reported  from  New  Engl  and  pegaatltes.  However,  none 
of  the  desci'iptlons  are  detailed j apparently  the  occurrences  are  not  commtMi. 
Generally,  the  micas  intergrov  In  i>arallel  position  with  a common  basal  cleav- 
age. The  reported  localities  are; 

Island  Mine,  Creshlre  County,  New  Hampshire 
Sterrett  (1923)  end  Olson  (19^2) 


Kclden  Mine,  Granton  County,  New  Hampshire 
Sterrett  (1925)- 


Patten  Mine,  Gremton  County,  New  Hampshire 
Sterrett  (1923) 


Old  Llthia  MJiie,  Chathau^  Connecticut 
Shannon  (I92O) 
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institute  • university  of  Michigan  — ; 

I 

Middietcwa.,  Counectieut 

Fcfgiie  (1911)  I 

Ph:U.fc'^‘5'»S(bie,  P©rin.s,Tlvar’.i-.i  I 

L'a'.i  (1885) 

lejoil,  Delawars  County,  Pennsylvania 
Hall  (1885) 

Itestena.  United  States;  Blotlte-ttuscoTlte  intergrovths  from  the 
Western  states  have  been  descrlhod  frcas  a few  pegsatltes.  ]fonle:{>  et  al.  (1950) 
descriha  green-$xay,  heavily  stained  muscovite  fron  the  Bosemcnt  Mine,  Nicanlte 
District,  Park  ond  iremoiat  Counties,  Colorado.  The  muscovite  la  ruled,  ribbon- 
ed, has  prononrjced  A ^structure,  and  is  conmonly  intergrown  vlth  blotite . The 
same  authcrs  also  report  blades  of  Intergrown  aiiscovlte  and  blotite  es  long 
as  6 feet  from  the  School  Section  Mine,  Sight  Mile  Park,  Premont  County, 
ra/io'.  Other  scattered  occurrences  were  at  the  following  localities; 

Levi  Anderson  Mine,  Latah  County,  Idaho 
Sterrett  (1925) 

Cvister  County,  Soixth  Dakota 
Pogue  (1911) 

Canada;  Spence  (I95O)  reports  parallel  Intergrowths  of  oniscovlte 
ana  blotite  from  dlkss  of  the  lower  St.  Lawrence  area.  The  following;  three 
varieties  of  intexgrowths  have  been  found  at  the  Fled  dee  Monts  mica  mine  near 
Murray  Bay,  Quebec: 

(1)  core  of  muscovite  surrounded  by  a rla  of  blotite, 

(2)  books  that  are  part  HPJiscovits  and  part  blotite,  the  boonlnry 

running  diagonally  across  tJje  daavage  sheet,  and 

(5)  alternate  layers  of  muscovite  and  blotite. 

Minas  G«sral35  Brazil;  Occiarrences  of  Intergrown  blotite  and  bubco- 
vite  were  noted  by  >«Bora,et  al.  (1950).  Generally,  the  intergrovths  are  in 
TMirsllel  poBitio'^  «<nd  occur  tn  the  border  zones  of  the  pegmtltes. 

‘ * T 1 ■A-'-ii.  ^ / reported  regular  and  Irregular  Intergrowths  | 

of  bio- Itr  ; . "!  fren  Veltlln.  He  found  that  the  rays  of  a i>ercusBlon 
I figure  rear  the  ''arx»ry  would  cross  the  boundary  without  interference.  The 
two  specie''  of  elce.3  hs.v<^  ’ commoa  cleavage  plsne,  but  the  planes  of  the  optic 
axes  are  at  an  angle  of  bO” . 

Scharlzer  H??:  ) dtscri'ood  regular  overgrowths  of  muscovite  and 
lepldoaelane  fTcm  ^;<5*^*ltes  of  Schuttenhofen,  Germany.  A stz-slded 
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i crjetp.l  Ox  Ispidcsse^ar®  is  ctaaple^i^lj'  eurroundsd  Ijj  a rhoal>lc  crystal  of 
\ 4U5»cn?ite.  Both  Bpecl?s  ha-^  a ccssron  'basal  nles^^ias . The  axial  place  cf  the 
I4?piki<3i»-r-7,e7i3  is  varalltl  'rith  tie;-  ior.-^  ray  of  a parcuaeion  figure^  vhereae 
the  axled  plans  of  the  auseyvite  is  ^rtaraal  to  the  long  ray  of  the  percuaelon 
figure;  the  tvo  optic  planes  are  there  fore  efc  m 62g3.e  of  60*. 

gj«lto«  rinland;  R'thrafin  (19*^5)  reports  weathered  boats  of  inter- 
layered  biotlte  and  miBcorlte  froa  the  granitic  pegas  x.te  of  diuLto. 

Orientatloaa.  OTwerratlops ; A group  of  epecjtexiB  of  lnt4»rgrami  busco- 
Tlte  and  hlotlte  was  selected  froa  the  lUchlgan  alca  collection  for  optical 
study.  An  atteigt  was  Bade  to  find  the  relationship  between  percussion 
figures  and  optic  planes  in  the  tvo  species.  In  all  eaaes^  the  percussion 
figures  are  essentially  parallel.  ' The  greatest  devlatlan  from  parallellBB 
was  found  to  be  The  Boat  coBBon  angle  between  the  optic  planes  of  the  two 

species  is  approriBately  60*.  BoweTer,  angles  of  0*  and  90*  were  also  noted. 
Oenerally,  the  line  of  contact  between  epeclss  is  sharp.  In  a fev  speeiBens, 
the  contact  is  ragged  or  feathered.  In  no  speclnens  was  a gradation  found 
between  Buscorite  and  biotlte.  Tl»  data  obtained  are  listed  below. 

ilpeclaen  Angle  Between  Main  Ray 

WiiBber  Locedlty  of  ^rcuaslcm  Figures 

Optic  Planes  Perpendicular 

8^  Putnaa,  Haywood  County>  0* 

North  Carolina 

Optic  Planes  Parallel 

149  Mauldin  Road  prospect,  Upsun 

County,  CSeorgla 

1595  Location  vnimcwn  0* 


1 Optic  Planes  at  an  Angle  of  60“ 

kj  Ledford  Core,  Macon  Countyj  9“ 

North  Carolina 

Ledford  Cove,  Macon  County,  0" 

North  Carolina 

68  Big  Kldge,  Hayw  >oc.  County,  6® 

I North  Caiollna 


.cy2 


p”  £NaiNfcER!N<3  RESEARCH  !NSTITuTE 

f 

Spuciisen 

Ifug'oer  LocallTy 


UNIVERSITY 


r 

w.*r 


Argle  Between  Ifein  3«v- 
of  Peroug£.ion  FigiX'rjfj 


Optic  Plane 3 at  ar.  Angie  of  60°  (cont . ) 


8k 

Lower  East  Fork,  Eaywood 

40 

Covinty,  North  Carolina 

155 

Mitchell  Creek,  Georgia 

r 

177 

M and  G,  Alabama 

6* 

262 

Sight  MllePar)^  Fremont 

0“ 

County,  Colorado 

1391 

Bsbron,  Maine 

0" 

1392 

Delaware  County,  Pennsylvania 

0“ 

139'* 

North  Carolina 

0“ 

I 


Jalms  and  Lancaster  (19^)  state  (p.  1^)  that  the  pressxire  and  percussion 
figures  of  the  Inclusions  ccsmonly  are  oriented  nomal  to  those  of  the  host. 


CoQcraslon.  Grigoriev  (I956),  who  studied  the  interrelations  of 
Biuscovlte  and  blotlte  in  some  detail^  concluded  that  the  similarity  in  crystal 
structure,  cleavage,  and  crystal  form  allows  for  the  possibility  of  (1)  reg- 
ular overgrowths  of  one  mica  by  another,  (2)  oriented  Intergrcwths, . end 
(3)  possible  mutual  replacement. 


The  relations  of  blotlte  to  muscovite  In  the  composite  crystals  can 
be  grouped  as  follows: 


1.  Euhedral  blotlte  plates  enclosed  in  muscovite  (costmon) . 

2.  Kuhedral  to  subhedral  pyramidal  biotite  enclosed  in  muscovite 
(uncoBimon) . 

3.  Xuhedral  muscovite  plates  enclosed  In  blotlte  (rare). 

ll-.  Kuhedral  muscovite  In  euhedral  to  subhedral  blotlte  enclosed  in 
muscovite  (very  rcire). 

5.  Anhedral  strips  and  plates  of  blotlte  enclosed  by  muscovite  or 
Irregularly  Intergrown  with  muscovite  (canmon) . 

6,  Alternating  sheets  of  muscovite  and  blotlte  (rare). 


L 
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B.  lEcIuBione  j 

I 

i'  Magrjetite  aad  Heaiat  Ite  > .'.te  and  fcsnn’.t  ite  fa>-  the  I 

noet  cannon  and  etuadant  included  mineralp, , They  occnx  as  vei’j'  tain  (uaualiy 
<0.01  to  0.1  nan)  plates,  needles,  skeletcl  ciTrstals.  and  lattice -work  aggre- 
gates (Frondel  and  Ashoj,  1957)  oriented  parallel  to  either  percussion  or 
pressure  arms.  Concent  rat  ions  of  the  iron  oxides  occur  usually  in  the  centiral 
parts  of  hooks,  vbereas  margins  are  usually  clear.  Most  of  the  hematite  in- 
clusions appear  to  haTs  formed  as  the  result  of  exsolution.  At  the  Initial.  ^ 
tauperatures  of  crystsLllizatlan  the  muscovite  structure  is  capable  of  retain- 
ing cunsiderahle  Iron  isomorphously.  With  a decrease  in  temperature  the 
tolerance  is  decreased  and  the  iron  is  ejected  and  segregated  as  hematite 
\inlts.  The  outer  parts  of  crystals,  vhich  formed  at  lower  temperatures  than 
the  interior,  could  hold  less  iron  originally  and  thus  were  able  to  retain 
all  of  this  lesser  amount  of  iron  upon  cooling.  In  hooks  with  such  .Inclusion 
zoning,  the  muscovite  of  the  cleeur  margins  not  uncommonly  has  hlghe.r  refrac- 
tive indices  (more  and/or  Fe^)  than  that  of  the  core  from  which  the  maxi- 
mum eunount  of  iron  has  been  removed  through  exsolution. 

In  peguatites  where  muscovite  and  hiotite  occur  together  la  the 
sense  zone,  Iron-oxlde  inclusions  are  rare  in  the  muBcovlte,  prohahly  hecause 
the  normally  earlier  crystallization  of  the  hiotite  abstracted  most  of  the 
available  iron  from  the  pegmatitlc  solution. 

£*  Otfaor  Minerals.  Numerous  other  mineral  spscles  occur  as  thin 
inclusions  In  miiscovite  (Frondel,  1956,  19^0;  Jahne  and  Lancaster,  1950). 

The  shape  eod  orientation  of  many  swh  mineral  plates  or  needles  have  been 
controlled  by  the  principal  crystallographic  directions  of  their  host,  and  the 
Inclusions  eire  primary.  Other  inclusions  display  little  or  no  orientation 
and  are  randomly  Intergrown  with  the  mica  either  as  films  alox.'«  cleavages  or 
even  transecting  the  hooks  and  thus  breaking  the  cleavage  continuity.  Such 
mlnereLL  inclusions  may  be  either  primary  or  secondary.  Books  marked  by  abun- 
dant inclusions  of  grains  or  rods  of  quartz,  alblte,  apatite  and  a few  other 
species  are  termed  sand-pitted  or  gritty. 

5 . Other  Materials . Gas  hubbies  cf  primary  origin,  or  minute  secon- 
dary air  pockets  form  inclusions  in  some  types  of  muscovite . Green  amorphous 
patches  and  filas  of  unletefmlned  organic  material  are  Included  in  weathered 
muscovite . 


C.  TarlatlonB  in  Tndlvid\ial  Pegnatites 

1.  C oncentrat Ions . Despite  the  feet  that  muscovite  can  be  a con- 
stituent of  any  pegmatite  zone  and  of  replacement  units,  most  concentrations 
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occur  ini  (X)  «rall  zor«s,  (2)  intenaediate  (ccr  !'.oae3.  and  j 

(?)  j^i-plPCoatant  ’.inits.  'Ur^zo7)Kd  pegaatitoe  that  cc-^vc. ",'b;  l.L-'^.eajiiiated  '-700.1:®  j 

also  are  of  «cono2ii.c  ?7_....'lr^!.-;i.c-3  in  sntae  d-^e.triot.s.  o-.-;..:  ■ ■■•:  ■■■'f  i i-A-^vj-c ‘7 e | 

raay  contain  concentrationB  in  nore  than  oae  unlt.^  a^ii  if  i:,-.A.aoovX-t:.o  occurs  | 
in  more  than  one  ^mit,  normally  it  will  be  much  more  abundant  in  one  them  in 
the  other . I 


The  concentration  of  mica  in  a single- zone  is  not  alveye  uniform, 
m ecMB  pe0Mitltes^  the  hangizig-vail  peurt  of  the  vail  zone  vlll  alone  contain 
ffluscorlte  cofneentrationB.  Exceptionally  the  footvall  counterpart  alone  may 
hare  them.  In  other  pegaatl-tes  cancentrations  vlthin  the  vail  zone  are  local- 
ized along  rolls  or  bulges  in  the  contact,  so  that  mica  shoots  have  been  de- 
veloped. The  meurgina  of  arenollths  may  serve  as  a false  vail  along  vbich  a 
concentration  of  vall-zone  mica  is  repeated. 


2.  Structural  Defects  and  Color.  Vlthin  an  Indlvid-ual  zone  the 
color,  degree  of  staining  (Iron-oxide  Inclusions),  and  structirral  defects  are 
usually  unlfuzm,  although  numerous  exceptions  are  knovn.  The  Gregory  Mine 
in  the  Eranklln-Sylva  District  of  North  Carolina,  for  example,  contains  ruby 
nuBcovlte  In  the  banglog-vall  part  of  the  vail  zone,  green  muscovite  in  the 
footvall  . part  of  the  same  zone,  and  vbere  the  tvo  merge  around  the  keel,  of 
the  pegmatite,  the  books  are  color-zoned,  some  vith  green  cores  and  ruby 
■arglna. 


Commonly,  if  tvo  different  colored  micas  occvir  In  the  same  pegutlte 
that  of  the  veill  zone  is  hrovn  or  ruby,  vhereas  that  of  the  core-margin  zone 
is  green.  If  the  vall-zone  mica  is  green,  then  if  any  core -margin  axiscovlte 
Is  present,  it  also  is  green  or  silvery.  Brown  or  ruly  core -margin  muscovite 
does  not  occur  vlth  green  vall-zone  muscovite.  Muscovite  of  fractiu?e  fillings 
and  replacement  imlts  ccamonly  is  green,  silvery,  or  almost  colorless.  Rose 
muscovltes  are  of  late  replacement  origin. 


Muscovite -hlotite  Intergrovths  eire  essentlaHy  confined  to  outer 
zcxies  of  pegaatltes,  and,  generally,  vail  zones  containing  green  mica  contain 
little  or  no  hlotite.  Morativer,  in  vail  zones  that  contain  both  hiotlte  and 
ruby  or  brown  muscovite,  the  latter  normaily  is  relatively  free  of  iron-oxide 
Inclusions.  Ihclusions  of  Iron  oxid<%  usually  are  more  comsion  and  abundant  Ih 
green  than  in  ruby  muscovite. 


The  muscovite  of  vail  zones  more  camnonly  is  in  relatively  small, 
flat  books,  free  of  A or  herringbone  structure  but  may  contain  a relatively 
large  number  of  small  mineral  incluslonB  (except  Iron  oxides)  and  unoriented 
fractures.  In  contrast,  core -margin  mica  is  characterized  more  commonly  by 
relatively  large  size,  vldespread  A or  herringbone  stractizre,  and  iron-oxide 
staining.  Mica  from  replacement  units  or  .fracture  fillings  shows  much  vedge- 
A or  vedge  herringbone  ataructure  and  extreme  variation  in  book  size , Inter- 
mediate zones  or  pegoatites  in  which  microcline  Is  the  dominant  feldspar  also 
contain  strongly  reeved  muscovite . 
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Jl*  C capos  it  ion.  Infonnsition  is  now  available  on  the  ccsapceltlonal 
I tiCEOgeneity  of  single  EuscoTita  books,  on  the  variation  of  books  within  the 
i saae  zone  of  an  J.b1  1'^ iduai  psi^rp^ite,  or  on  the  variation  between  muscovitss 
from  different  zones  within  individital  pegpiatites.  Table  n.  shows  two 
analyses  on  sheets  from  opposite  ends  of  a single  thick  hook  of  muscovite  frcan 
the  Tilley  pecgnatlte  in  the  Franklln-Sylara  district.  North  Cfirolina.  They 
show  remarkable  uniformity. 

In  Tables  X through  X7II  are  recorded  chemical  aualyses  of  dlffeirent 
hooka  frcm  the  same  sooe  of  varloos  x>e0Batlte8. 


TABLE  n 


SPBCTROCHKHICAL  AHALISKS*  OF  MDSCOVITE  SHKBIS  FROM 
0FF08ITS  ENB6  OF  A SINGLB  THICK  BOOK 
(Tilley  pe^uitlte,  FivltiXI i n-Sylva  district,  N.  C.) 


436  a 

436  b 

FB203 

5.5 

3-7 

MfeO 

1.5 

1.5 

MnO 

.02 

.02 

TiOg 

.30 

.27 

CaO 

.002 

.004 

BaO 

.11 

•075 

NagO 

1.2 

1.25 

GagOj 

c015 

.015 

Cr203 

.00(^5 

.0003 

Tg05 

.003 

.005 

Absent:  LigO,  BhgO,  CspO,  SrO,  SC2O5,  SnOg,  Co205and  F. 
* Analyses  by  C . E . Harvey 


106 


CO 


* f{ 

•1 


o 

t> 


cy 

CO 


CO 


VO 


IT\ 


rc\ 

t^ 


cy 

h- 


o 

h- 


t- 

vo 


1 cy  t-i 


r-i  K^ 

• • 

cy  H 


.^a 

c>  o 


C3\ 

ir\ 


^ VO  KV  S iH  H 
OH  O O -4-  CO 


P~< 

cu 


^ t~  H 8 KV  ITi 

cy  O H o o ^ c- 


if\  tr\  H 

00  H o cy 


K>  H 

o K>  Q cy 

« » V • 

cy  H 


O VO  t— 
O -=f  VO 


o 

o 


O -4  OV 


cy  H 


ir\  cy 
H o 


o 3 


m 

IT\ 


-4  cy  CO 

iq'S8  88S 

o o o o o o 


ITV  QJ 

cy 

_ o o 
o o o o o 


iT\  cy 

VO  O Q H VC 

cy  o o o o o 
o o o o o o 


-4 

8 

o 


KA  I 

8 

o 


cy 

J± 

K\ 

tr» 

O 

S 

o 

cu 

o 

8 

r> 

o 

H 

o 

8 

cy 

rov 

o 

O 

o 

VO 

o 

c> 

q 

q 

q 

q 

cy 

r-i 

1 1 

1 1 

ru 

vn 

fC\ 

O -4* 

o 

cu 

o 

o 

8 

H 

O 

VO 

o 

cu 

cu 

CO 

CU 

C) 

o -* 

VO 

o 

q 

q 

q 

o 

o 

cy 

rH 

1 

1 i 

4 

cu 

f- 

4 

'O 

S' 

NA 

O OJ 

cy 

iTv 

O 

8 

o 

o 

88 

rH 

cu 

o 

cy 

o 

o irv 

o 

o 

C3 

o 

o 

o 

cy 


0! 

-4  VO  O 
mono 


OV  ^ 

VO 


o o o o o o 


hPs  H 

BBS'S 

o o o o o o 


o 

ry  c 

cu 
Q c> 

o 

o 

® J 

Pi 

Pn  2 

r S H 

o 

CD 

lOv  fCV  KV 

oooooooo  cy^ 
o cy  aj  oi  cy  cy  cy  cj  cy  cd  o, 

CO  5e:  H PS  o c3  05  c.)  o c/i  > ^ 


!>> 

% 

I 

m 


OV 

Ov 

r^ 


VO 

VO 

OJ 

I 

irv 

irv 

cy 


-4 

cy 


C3 

<D  C3 

ID  tH 

>?  35 


E^ 


otal  iron 


‘CABLE  -TT 


SPSCTBDCH34ICAL  AHALYSES*  0?  BLEFSREIfl  MU5C07ITSS 
FECK  TBS  ZCm  VJTSJM  TliE  RH.L  Mill®:  m(StP^VZTM 


(Irai^kll 

ri  ~ Sylva 

.'istrlct,  S 

55 

56 

57 

59 

362 

^2®5 

2.3 

2.p 

2.0 

2.3 

2.5 

2.7 

MgO 

•95 

1.2 

1.2 

.90 

1.2 

.85 

MnO 

.13 

.12 

.03 

.10 

.04 

.03 

TiOg 

.07 

.08 

.21 

.05 

.08 

.07 

CaO 

SrO 

BaO 

.002 

.001 

.002 

.002 

.002 

.00>7 

.06 

.002 

.17 

.005 

.05 

.003 

HagP 

.90 

.85 

.78 

.90 

.60 

1.2 

LigO 

— 

— 

— 

— 

— 

— 

RbgO 

— 

— 

-- 

— 

— 

— 

Csgo 

— 

— 

— 

— 

— 

GagOj 

.026 

.022 

.018 

.024 

.015 

.017 

ScgOj 

— 

— 

.003 

— 

.001 

— 

COpOg^ 

.0002 

— 

.0005 

— 

.0004 

— 

Ci'gO^ 

— 

— 

— 

— 

.0001 

SnO„ 

<1 

.006 

.003 

.&OO7 

.005 

.001 

— 

VoO. 
^ J 

.007 

.0001 

.002 

.002 

.0004  ' 

¥ 

*“  •• 

♦Analyses  by  C.  K.  Harvey 


108 


I 


TABLE  XII 


SPECTROCHratlCAL  AHALraSS*  OF  DIFFERENT  MDSCOVIDK 
FROM  THE  SAMS  ZONE  WITHIN  THE  TILLEY  REOiATITE 
(Franklln-SylTO  district,  N.  C.) 


18 

20 

21 

22 

23 

2.3 

3.7 

4.2 

3.^ 

5.3 

MgO 

.78 

1.1 

1.3 

1.4 

1.15 

MnO 

.08 

.08 

.024 

.06 

.11 

TIO^ 

.09 

.20 

.13 

.16 

.13 

CaO 

.002 

.002 

.002 

.004 

.43 

SrO 

.005 

— 

— 

.002 

__ 

BaC 

.23 

.10 

.03 

.08 

.09 

Na20 

.66 

.68 

1.5 

.33 

.65 

LigO 

— 

— 

— 

-- 

BbgO 

— 

-- 

-- 

CsgO 

— 

— 

— 

— 

G€i20j 

.017 

.018 

.016 

.02 

.022 

ScgOj 

.003 

.002 

— 

.003 

.002 

CogOj 

.0003 

.0004 

-- 

.0005 

.0004 

CTgO^ 

.00 

.0008 

.0003 

.0004 

SnOg 

.0007 

.001 

.004 

.002 

.002 

VgO^ 

— 

.01 

— 

.006 

.01 

F 

— 

-- 

-- 

-- 

-- 

* Analyses  by  C.  E.  E&rvey 


Till 


SE^'TBOCBEMinAL  AKALiSSS*  OS'  DIFPBSRSii!'!'  M0SC07ITSS  ER.'SJ  TES  SA>B  ZONK 
WlTHm  THS  ROBT,  NC8TON,  SH8KP  MOOBTAIN,  AND  DOC  NICOLS  HSat/dJECSS 
(Franklin-Sylva  district,  R.  C.) 


Buby 

60 

61 

Horton 

132  133 

Sleep  Ntn. 

15  16 

Doc  Rlecla 
2a  21) 

FegC^ 

2.6 

2.1 

4.4 

4.2 

2.3 

2.2 

3.0 

3.3 

NgO 

.92 

.97 

1.4 

1.25 

.05 

.75 

.95 

1.0 

MnO 

.017 

.012 

.09 

,06 

.018 

.04 

.0»* 

.04 

TIO2 

.15 

.21 

•13 

.20 

.42 

.38 

.07 

.05 

CaO 

.OOCJ7 

.0005 

.002 

.001 

.001 

.001 

.004 

.002 

8r0 

— 

— 

-- 

— 

— 

— 

— 

BaO 

.04 

.04 

.01 

.055 

.27 

.28 

.008 

.006 

FagO 

1.7 

1.2 

1.0 

1.05 

.91 

.80 

.83 

.62 

JjlgO 

— 

— 

— 

— 

— 

— 

— 

— 

RtgO 

— 

— 

— 

— 

— 

— 

• 

— 

CsgO 

— 

— 

— 

— 

— 

— 

-- 

OagOj 

.017 

.016 

.014 

.014 

.013 

.015 

.021 

.022 

ScgOj 

— 

-- 

— 

— 

— 

.003 

— 

— 

CogO^ 

— 

— 

.0006 

.0006 

-- 

.0002 

.0003 

— 

CrgOj 

— 

.0002 

— 

— 

.0004 

.0004 

— 

SnOg 

.004 

.002 

— 

— 

— 

.OOO'f 

/\y.» 

« VW^ 

T2O5 

.003 

.004 

— 

.001 

.CSh  ■ 

.036 

-.009 

.002 

r 

— 

-- 

.20 

.10 

— 

-- 

-- 

-- 

* Amlyses  ty  C.  £.  Earrej 


liO 


SPECT80CHSMICAL  OF  FIFFESSifl  Ka3C0vi~2:S  FIJCM.  THK 

SAMS  ZONE  WITHIN  THE  MITCHELL  CREEK  AITO  JO»i’JSOir 

(ThomaBton-Barneavllle  district,  Georgia) 


! 

. Mitchell  Creek 1 

JghnRcn 

150 

151 

154 

146  - 

iW 

FegOj 

1.7 

1.5 

1.6 

2.8 

2.8 

MgO 

1.55 

1.25 

1.5 

1.05 

1.05 

MnO 

.03 

.029 

.07 

.029 

.033 

TiOg 

.50 

•29 

.22 

.14 

.15 

CaO 

.002 

.003 

.003 

.oob6 

.001 

SrO 

— 

— 

,002 

— 

— 

BaO 

.Ik 

.15 

.13 

.004 

.004 

NagO 

1.25 

1.75 

.80 

1.2 

1.25 

LigO 

— 

— 

— 

-- 

— 

Bb20 

-- 

— 

— 

— 

— 

Cs^O 

— 

— 

-- 

-- 

— 

GtigOj 

.01»i 

.015 

.02 

.02 

,02 

Sc20^ 

— 

— 

.005 

— 

C02OJ 

— 

>0004 

— — 

— 

Cr20j 

.001 

.002 

.004 

-- 

-- 

Sr02 

— 

— 

1 — 1 

0 

• 

.002 

.002 

V2O5 

• Oil 

.018 

.03 

— 

__ 

F 

— 

— 

-- 

.25 

.25 

* Analyeea  by  C.  Z.  Harvey 


TAHLB  IV 

SSBJ^J'IECCEISeiCAL  ANAi-.^'SS:S*  0?  DITFMgHT  MDSC0Vr]!KS  FI’.L^! 

THE  SAME  ZONE  WITfilK  i'iiS  SCHOOL  SSCTKW  PSCMAIITE 
(El^t  Mile  Park,  Colorado) 


279 

281 

290 

295 

300 

305 

FegOj 

3.1 

5.3 

3.4 

3.1 

2.9 

3.2 

NgO 

.91 

.90 

.92 

.85 

.75 

.96 

MoO 

.07 

.055 

.05 

.10 

.049 

.14 

TlOg 

.0lt8 

.12 

.23 

.05 

.11 

.11 

CaO 

.002 

.003 

.002 

.001 

.002 

.003 

SrO 

— 

— 

— 

— 

— 

— 

BaO 

— 

.0006 

-001 

.001 

.002 

NagO 

1.6 

1.4 

1.15 

.74 

.97 

LlgO 

— 

— 

— 

.19 

.22 

BbgO 

— 

— 

— 

— 

— 

CagO 

— 

«_ 

— 

— 

GagOj 

.016 

.018 

.019 

.018 

.014 

.017 

ScgOj 

-- 

.00l» 

.005 

— 

.004 

— 

CogOj 

— 

— 

— 

— 

— 

CrgOj 

— 

— 

— 

— 

— 

Sn02 

— 

.004 

.005 

,002 

— 

— 

V2O5 

— 

.001 

.003 

— 

— 

— 

F 

.62 

.39 

.25 

.73 

.27 

.87 

* Azialysee  bj  C.  S.  Harvey 
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TABLE  XVI 


SfECTROCHEiMICAL  AL.'^XYSES*  OF  DIFFERS!?!  MTJ5C07ITSS 
THE  SAME  ZONE  WITHnJ  THE  MBYIES  QUARRY  FECMATITE 
(Eight  Mile  Park,  Colorado) 


312  ■ 

316 

319 

320 

324 

FegOj 

2.5 

3.4 

2.5 

2.5 

3.6 

MgO 

.16 

.90 

.13 

1.1 

1.1 

MnO 

.21 

.06 

.12 

.07 

.07 

TiOg 

.009 

.07 

.008 

.014 

.08 

CaC 

.003 

.002 

.002 

.003 

.002 

SrO 

— 

— 

— 

-- 

-- 

BaO 

.0007 

.0008 

— 

.0002 

.0003 

NagO 

.80 

.62 

.75 

.88 

.70 

LigO 

.52 

.06 

.23 

.11 

.13 

RbgO 

-- 

— 

— 

-- 

-- 

Cs^O 

— 

— 

GagO^ 

.024 

.021 

.023 

.025 

.022 

ScgOj 

-- 

.002 

-- 

0 

0 

CogOj 

.... 

b 

8 

— 

.0002 

.0005 

CrgO^ 

— 

— 

— 

__ 

.001 

SnOg 

— 

.001 

-- 

.002 

V2O5 

— 

— 

— 

r\  r\C 

F 

.55 

.18 

-35 

.27 

E — 

• 

* Analyse  8 by  C . E.  Harvey 


TJiBLfi  XV'II 


SISCmXSSNEICAL  AWILISSS*  OF  DnTSErMv’'i’  ifJ^OFrrSS 
FHOH  THE  SAKE  ZOEK  VITHIH  THE  GLOBE  ISOKATITE 
(Betaca  district,  Nev  Mexico) 


209 

210 

ItogOj 

^.2 

5.2 

MgO 

.03 

.01 

IftiO 

.^^9 

.81 

TlOg 

.15 

.045 

CaO 

.001 

.002 

SrO 

— 

— 

BaO 

.003 

.oocs 

Ka20 

1.45 

1.1 

"LlgO 

.59 

.34 

Hb20 

— 

— 

CS2O 

— 

— 

00203 

.04 

.035 

SC2O3 

— 

— 

C02O3 

— 

— 

CrgOj 

-- 

SuOg 

.004 

.005 

▼2O5 

— 

— 

F 

1.48 

.98 

* Analyees  By  C.  E.  Harrey 
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Tfcess  c snparieoM  shov  tbat^  i*’.  t'le  main,  tbc  vaxiatiori  in  ■;  ■:;r;,o  ,>si-  | 

• 1 

Ich 
te. 

In  those  deposits  of  some  of  the  western  districts,  in  vhich  the  mica -bearing 
Tinlts  are  markedly  discontinuous,  the  variation  of  thfe  mica  from  one  Isolated 
peuTt  of  & unit  to  that  of  another  la  considerably  more  pronounced. 

In  Tables  XVTII  and  XIX  are  presented  sone  ccmiparlsons  of  micas  from 
different  units  or  micas  of  different  colcars  fron  the  same  pegnatite.  In  all 
cases  the  differences  in  color  are  a reflection  of  marked  differences  In 
chemical  ccmposition. 


ti->a  smoiig  ilfferenr  books  frcsD  cne  same.'  in  a siugie  pegiffitits  ie  ai.?.all 

This  is  psrtici'.lerly  true  of  those,  pegmatites  of  the  oestern  districts  in  vb 
tijG  mica-bearing  emit  a ere  contino^oue  throughout  a large  part  of  the 


SrSrrH-XHeMICAL  AMLIStS*  m MDSCOTITSf?  F3GM  TEl  (HE-IOKI  EECSKATITS 
(Frarik.-ia-Syl'tra  district,  K.  C.) 


green 

footwall 

Zoned  book 
green 
core 
5a 

from  keel 

ruby 

margin 

5b 

FCgO^ 

1.8 

2.7 

5.0 

MgO 

.71 

.91 

.53 

MaO 

.03 

.03 

.05 

TIO^ 

.03 

.01 

.014 

CaO 

.002 

.001 

.01 

SrO 

— 

.001 

.001 

BaO 

.30 

.22 

.002 

NB2O 

.85 

.66 

.58 

LigO 

— 

— 

— 

RfcgO 

— 

CsgO 

— 

— 

— 

GagOj 

.011 

.01 

.016 

ScgO^ 

— 

— 

— 

CogOj 

— 

— 

CrgOj 

— 

— 

.... 

SnOg 

— 

.003 

.011 

VgU5 

F 

— 

.002 

.0008 

* AnalTses  by  C.  E.  Horrey 
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TABLE  SIS 


SPECTHCCHSMICAL  AMLT6E3*  OF  MUSCOVITES  FROM  KISEfi  PEC34ATITE 
(Franklin-Sylya  district.  N.  C.) 


vail  zone 

ruby 

44a 

44b 

core  margin 
green 

45 

^®2®5 

2.6 

2.6 

3.5 

MgO 

1.1 

1.4 

1.3 

MaO 

.05 

.07 

.12 

TIO2 

.20 

.06 

.05 

CaO 

.002 

.0006 

.001 

SrO 

.005 

— 

— 

BaO 

.52 

.07 

.37 

Na20 

•77 

.70 

•75 

Ll20 

— 

— 

— 

Rb20 

— 

— 

— 

C82O 

— 

— 

— 

G6i2^^ 

.017 

.02 

.018 

Sc20j 

.004 

.002 

— 

Co^Oj 

.0005 

.0003 

.0005 

Cr20^ 

— 

— 

— 

Sn02 

,001 

.001 

.001 

V2O5 

.002 

,0004 

F 

— 

- “ 

” “ 

* Analyses  by  C. 

E . Harvey 
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D.  Variations  In  Pegmatite  Dietricta 


1.  Occurrence  and  Color,  Withto  a stegle  district  the  pegiaatites 
cammouly  contain  mica  concentrations  la  sevsr  il  types  of  units,  bur  usually 
one  tn«  of  1'^ posit  predominates.  Throughout  the  soutliea stern  states  cha  bulk 
of  the  larger  mica  books  occvirs  in  wall-zone  concentrations.  In  the  Alabama 
district,  fer  example,  disseminated  and  quartz-plate  types  of  dei>oslt8  occur 
In  over  50  percent  of  the  i>egmatltes,  core-mtirgln  in  nearly  20  percent.  The 
wall- zone  type  is  found  in  anly  about  10  percent,  yet  ower  50  percent  of  the 
total  jroductlon  has  cene  from  the  last.  Ii'  the  Franklin-Sylva  district  about 
30  percent  of  the  peg^tites  contain  vall-Zfjne  deposits,  a little  more  than 
20  percent  are  of  the  disseminated  type,  emd  about  3^  percent  are  of  the  core- 
margln  type. 

Comnonly  in  a single  district  one  color  type  predominates  in  the 
mica,  though  most  districts  show  considerable  variation.  In  most  of  the  Pied- 
mont districts  of  North  Carolina,  South  Carollzia,  Georgia,  and  Alabama  the 
dominant  color  is  ruby.  lii  the  Bidgeway-Semdy  P.ldge  district  of  Virginia  and 
North  Carolina  green  mica  is  cennon.  In  other  southeastern  districts  there 
appear  systematic  color  variations  which  can  be  correlated  with  the  position 
of  the  pe^natite  with  respect  to  its  parent  bathollth.  These  occur  in  the 
Spruce  Pine,  Franklln-Sylvs,  Bldgeway-Seuidy  Bldge  and  Hartwell  districts 
(see  Hslnrlch,  19^3)* 


In  the  Latah  County,  Idaho,  district  ruhy  micas  predominate.  Light 
brown  types  are  common  in  Montana.  In  the  Eight  Mile  Park  area  of  Colorado 
the  core -margin  mica  is  very  pale  ruhy,  whereas  that  of  fracture- controlled 
units  is  silvery  green.  Most  of  the  Betaca,  New  Mexico,  mica  is  green. 


2.  Cemposition.  Tables  XX  throu^  XXVIII  show  the  variation  in 
minor  and  trace  elements  in  muscovltes  from  nine  districts.  fe20^  averages 
show  considerable  variation;  hi^  In  Spruce  Fine,  Fetaca  and  Eight  Mile  Peurk 
districts;  intermediate  in  Franklin-Sylva;  low  in  Shelby-Hickory,  Thomaaton- 
Beu’seeville,  Alabama,  and  Montara,  and  very  low  in  Idaho.  MgO  averages  show 
much  less  variation,  but  are  conspicuously  low  for  Petaca  mlcae  and  somewhat 
low  for  Idaho  micas.  Canversely,  the  Petaca  district  micas  have  high  McO 
contents.  TIO2  averages  show  leas  variability  end  are  lowest  in  micas  from 
Montana.  CaO  averages  are  very  similar  except  for  that  of  the  Eranklin-Sylva 
micas,  which  is  relatively  high*  Sz*  is  absent  in  four  districts,  and  highest 
in  Franklln-Sylva  micas.  BaO  averages  vary  widely:  hl^  in  Franklln-Sylva, 

Spruce  Pine,  and  Alabama;  low  in  Shelby-Hickory,  Thcmaston-Beanaesvllle,  Mon- 
tana; and  very  low  in  Idaho,  Petaca,  and  Colorado  muscovltes. 

Ns20  averages  show  leas  variation;  that  for  the  Georgia  district  is 
somewhat  higher  than  the  noxm.  Li^O  is  absent  in  four  districts,  xmeemmon  and 
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lev  in  three  ;Spruce  Pine,  Alabcma,  Idaho),  canmen  and  moderate  in  Eight  Mile  I 
Park  and  verj-  ccHcnon  and  hipest  in  Petaca  micas,  EhpO  and  CspO  were  not  i 

detec-ed  in  muacovitea  frem  any  district.  GapOy,  is  pre,«ent  the  an3.lyi:,ed! 

nm6'.‘ovlto8;  the  averages  etre  very  uniform,  except  for  the  Feinca  district  which! 
is  about  double  those  of  the  others.  ScpOj  is  absent  in  the  Ideho  micas,  very 
low  In  Petaca  micas,  relatively  uniform  for  other  districts.  CogO^  is  absent 
in  one  district,  very  low  in  most  and  highest  in  Spruce  Pine  muacovites. 

CrgOj,  absent  in  one  district,  is  uncooimon  and  very  low  in  all  others.  SnO^ 
has  a remarkable  concentration  In  the  Idaho  district.  Is  relatively  hl|^  In 
the  Petaca  district,  and  is  fairly  uniform  for  the  rest.  Idaho,  Bstaca,  and 
Montana  districts  are  characterized  by  low  is  low  In  Franklln-Sylva, 

Shelby-Hickcxry,  Georgia,  Euid  Montana;  absent  in  Alabama;  moderate  In  Colorado, 
Spruce  Plre,  and  Idaho;  and  exceptionally  hl^  and  Invariably  present  In 
Petaca  muscovltes. 

These  variations  In  averages  serve  to  show  that  certain  elements, 
namely,  Fe,i!n,Ba,Ll,Sn,  and  F,  shew  meirked  variation  freo  district  to  district. 
These  variations  are  adcrlbable  to  two  causes:  (1)  fundamental  differences 

in  the  parent  magma  from  which  the  pegoatlte  llq^ulds  ware  withdrawn — variation 
by  provinces;  ^2)  differences  in  crystallization  stage  of  the  muscovltes  - 
sene  are  ss.gi' ic,  others  hydrothermal-  -variation  by  different iat  ion . 
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:r  - •"  '.:  -i.  ijigti  ic  L,  Scv 


JftSSCOrl’ngP  FBCm 

ftixi.  oertii 


Oxide 

Pregect  Iia  % oi 
aamjiiop- 

Range 

Average 

Fe20j 

100 

1.6 

5.1 

2.77 

MgO 

100 

.35  - 

1.7 

1.12 

MoO 

100 

.009  - 

,17 

.038 

TIO2 

100 

.01  - 

.52 

.166 

CaO 

100 

.0005  - 

.43 

.015 

SrO 

35 

.001  - 

.005 

.0009 

BaQ 

100 

.0004  - 

.62 

.193 

Ncl^O 

100 

.35  - 

1.7 

.826 

LI20 

0 

— 

— 

R1>20 

0 

CB2O 

0 

— 

Gb20j 

100 

.010  - 

.026 

.017 

Sc20^ 

hh 

.001  - 

.006 

.0014 

C02OJ 

39 

.0002  - 

.0008 

#W\^ 

Cr20j 

k9 

.0001  - 

.002 

.0002 

SaOg 

7U 

.0007  - 

.011 

.0018 

V2O5 

83 

.0001  - 

.036 

.0066 

F 

8 

.13  - 

.42 

.029 

* Baaed  on  spectrochealcal  data  "by  C.  E.  Harvey 
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TABLE  HI* 


Mn'OB  AJffi  TRACE  KLEMEM’S  Us"  MC;5C0VIT££  FROM  mOiJ'-.TIl'ES 
(Spruce  Pine  District,  North  Caroline; 


Oxide 

Present  In  ^ of 
Samples 

Range 

Average 

F02O3 

100 

1.6 

- 5.1 

3.rs 

NgO 

100 

.25 

- 1.9 

1.03 

MoO 

100 

.015 

- -09 

.066 

TIO2 

100 

.01 

- .30 

.11 

CaO 

100 

.0005 

- .004 

.013 

SrO 

9 

.003 

.0002 

BaO 

100 

.0005 

- 1.1c 

.215 

Na20 

100 

- 1.4 

.917 

LI2O 

9 

.27 

.02 

Rh20 

0 

— 

— 

Ca20 

0 

— 

— 

Ga20^ 

100 

.015 

> .055 

.021 

SC2O3 

56 

.001 

- .003 

.0003 

C02O3 

28 

.005 

- .005 

.0007 

Cr203 

9 

.005 

.0002 

Sn02 

72 

.001 

- .007 

.002 

V2O5 

82 

.001 

- .012 

.003 

F 

54 

.10 

- .73 

•I7 

* Based 

on  spectrochemlcal  data  by  C.  E. 

Biajrvey 
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TABI45  jTXII  » 


M.irvaF  AKD  ’ERACS  IIJSSEaiS  US  MOSCOTITSS  FROM  PBGMATISH 
'Shelby-S'akcii'j  District^  Fart-h  Carolim) 


Oxide 

Preaent  in  % of 
Saaples 

Range 

Average 

FeaOj 

100 

1 

• 

H 

2.7 

2.08 

MgO 

100 

.7^  - 

.98 

.88 

MnO 

100 

1 

0 

• 

.68 

.035 

TIQ2 

100 

.069  - 

.19 

.119 

CaO 

100 

.0005  - 

.002 

.0012 

SrO 

0 

— 

— 

BaO 

100 

.00^  - 

.09 

.003 

NagO 

100 

•TO  - 

1,05 

.89 

LigO  r 

. 0 

— 

Rb20 

0 

— 

— 

C820 

0 

— 

— 

G8205 

100 

.01  “ 

.032 

.019 

ScgOj 

20 

.006 

.0012 

CogOj 

20 

.0004 

.00006 

Cr203 

0 

— 

— 

Sn02 

80 

.002  - 

.006 

.003 

▼205 

40 

.005 

.002 

F 

20 

1 r» 

.024 

* Baaed  on  spectrocheslcal  data  by  C.  X.  Harvey 
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MIKGE  /JH3  mCS  iilSMSSTS  IN  MDSCOYTISR  FRCM  PBCSWITITES 
(Alabsaa  District) 


Oxide 

Preaerrt  in  % of 
Saaplea 

Bange 

Average) 

¥^20^ 

100 

1.4 

- 2.4 

1,88 

NgO 

100 

.88 

- 1.5 

1.13 

NnO 

100  " 

.014 

- .10 

.052 

TIO2 

100 

.06 

- .21 

.11 

CaO 

100 

.XI 

- .004 

.002 

SrO 

15 

.002 

,0x3 

BaO 

100 

.XI 

- .68 

.166 

IX 

.38 

" 1.6 

.84 

l.i£0 

29 

.07 

- .26 

.047 

EbgO 

0 

— 

— ' - 

CSgO 

0 

— 

Gb20^ 

IX 

.011 

- .X2 

.017- 

ScgO^ 

57 

.X3 

- .005 

.002 

CogO^ 

29 

.0x3 

- .0004 

.0X1 

CrgOj 

43 

.XI 

.0X1 

SnOg 

71 

,004 

- .012 

.004 

Y2O5 

7-1 

.XI 

- .017 

.005 

¥ 

0 



--- 

* Baaed  on  speotrochaaicuJ.  data  by  *j.  5.  Har^.'jy 


TABIK  JTi  * 


Mlft'OR  AHD  TBPiCF.  ELIHEI^TS  IK  HTTSCOVITSS  FR^IM  K;.‘  ^ATinCE 
(OjaT.'iii  Coi’jaty  I?ietrlct,  Id?JD.o’' 


Oxide 

Preeent  in  ^ of 
Samples 

Range 

Average 

*■©2^5 

100 

1.05  - 1.9 

1.61 

MgO 

100 

.2h  - 1.1 

.64 

MnO 

100 

.03  - .12 

.07 

Ti02 

100 

.003  - .12 

.068 

CaO 

100 

.001  - .0ol<- 

.0026 

SrO 

0 

— 

BaO 

100 

.001  - .007 

.004 

Ka20 

100 

.65  - 1.0 

.86 

Ll^O 

ho 

.04  - .05 

.018 

BTSgO 

0 

— 

— 

CsgO 

C' 

— 

— 

GsipOjj 

10c 

.01  - .022 

.018 

0 

— 

— 

C02OJ 

0 

— 

Cr20j 

60 

.002 

.0001 

Sx}02 

100 

.024  - .10 

.058 

V2O5 

60 

.003  - .011 

.0004 

v* 

Pn 

.14  - =21 

.14 

* Based  on  epectrochealcal  data  By  C.  E.  Harvey 
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MUfOR  AKD  mA.C2  £Li£MgaTS  IK  MUSCOiTlTI^  FIv3J  BfCJMATITES 
(Petaca  District,  Nov  Mexico) 


I 


I , 

• 1 

. 1 


s 

I 


1 
I 
! 

‘i 

■ ii 


Oxide 

Present  in  ^ of 
Samples 

Bangs 

: ATsrage 

FeaC^ 

100 

3.2  - 5.6 

4.24 

MgO 

100 

.008  - .43 

.119 

MnO 

100 

.28  - .83 

.47 

Ti02 

100 

.045  r .27 

.105 

CaO 

100 

.001  - .025 

.005 

SrO 

0 

— 

— 

BaO 

100 

.0004  - -06 

.0059 

NagO 

100 

• 

NJl 

1 

H 

• 

ON 

1.08 

LigO 

88 

.29  - .85 

.46 

Eb20 

0 

— 

— 

Cs20 

0 

— 

— 

Ga20j 

100 

.024  - .062 

.041 

SC2O5 

6 

.004 

.0002 

C02O3 

12 

.0004  - .0006 

.0001 

Cr203 

6 

.0002 

.0000 

Sn02 

100 

.003  - .04 

.014 

¥205 

29 

.0005  - .002 

.0004 

r 

100 

.65  - 1.48 

1.00 

Based  on  spectrochemical  data  by  C.  E.  Barvey 


I 
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TiJ-BLE  IX7II* 


ENGS?^E£RING  RESEARCH  !NST5T?JTE  » UNSVERS^TY  OF  M5CH3GAN  — | 

i I 

! 1 

( i 

i E.  Ccc»aerc  lai  Quality  Fact  cars 

i 

j Factors  thet  affect  the  utility  econociic  valve  el  ?^oet  aiuaco- 

I vite  are: 

(1)  size  of  books, 

(2)  structural  defects,  aM 

(3)  inclusicns. 

The  bcx}k  size  varies  vitb  the  zone,  deposit,  and  district  and  even 
greatly  within  a single  zone.  19ie  relative  abvindance  of  structursiL  defects 
such  as  A,  herrlngbcne,  other  reeve  stznictures  and  wedge  structure  is  related 
markedly  to  the  type  of  cxscurrence  of  the  muscovite,  and  governs  the  mazimum 
size  of  flat,  perfect  sheets  that  may  be  cut  from  the  books.  The  distribution 
of  rulings  and  cracks  also  Is,  to  a lesser  extent,  related  to  the  zone  type 
in  which  the  muscovite  occurs.  These  defects  also  limit  the  size  of  sheets 
obtainable  from  larger  books.  Pinholes,  most  of  which  result  from  the  llber- 
ation  of  small  Included  grains  of  crystals  of  various  minerals  during  split- 
ting, are  mere  abundant  in  ruby  or  brown  micas  of  wall  zones.  Ha  ire racks  are 
likewise  concentrated  in  this  type.  Both  defects  resiilt  in  conductance 
throu{^  the  mica  sheet  or  film  with  attendant  rupture  or  puncture,  if  the 
hole  or  crack  does  not  extend  entirely  throu^  the  sheet. 

Inclusl<ms  of  hematite  and  magnetite  (** staining”)  are  more  conmon 
in  green  than  in  ruby  micas.  Heavily  stained  mica,  generally  classed  by 
visual  inspection  as  electrical  stock  (No.  5)#  may  contain  a high  proportion 
of  grade  £-1  (Jedins  and  Lancaster  19^0,  p.  h6) . These  Investlgatore  state 
(p.  46),  "There  appears  to  be  a partial  correlation  between  power  factor  and 
the  amoimt  of  hematite-magnetite  stain  in  the  mica,  in  that  most  of  the  £-2 
and  £-3  pieces  are  heavily  stained  but  evidently  there  are  numerous  exceptions. 
Some  pieces  that  qualified  as  £-1,  for  example,  were  more  densely  stained 
than  many  with  a higher  power  factor." 

Likewise  there  is  no  general  correlation  between  power  factor  and 
color.  Despite  the  antipathy  of  Industry  toward  green  mica,  correctly 
prepared  sheets  and  films  of  green  Euscovlte  are  sicilar  in  quality  to  ruby 
muscovite.  Possibly  the  aversion  to  green  mica  lies  to  seme  extent  in  the 
fact  that,  owing  to  a higher  proportion  of  structural  defects,  large  flat 
sheets  are  more  difficult  to  prepare  frcti  it. 
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PART  III,  LEPIDOLITE 


HIHERAL0G7 


A.  gongosltlon 

The  generalized  foznula  for  lepidollte  nay  be  written  ae: 


K2(UWll)5^(Si5.^2j)02o.2i(».0®)5J,- 


In  addition  to  the  substitutions  indicated  by  the  foinmila,  the 
following  appreciable  isamorphlsm  has  been  noted: 

for  K — Na,Rb,Cs} 

in  octahedral  posltionB  — Fe^,Fe^,lfa,Mg. 


The  I’oUoving  elements  have  been  reported  and  when  present  are  usually 
In  extremely  snsU  amounts:  CaySn,Ga,Cb,Ti,Ba,Sr;  Rb  and  Ce  In  some  types 

tore  found  in  considerable  amounts  (Pib20  -•  3.2  percent  and  CsgO  = 1.90  per- 

cent, Lundblad,  19**2 )j  MnO  in  amoxuitc  as  high  as  6.0  percent  reported  In  new 
spectrochemical  analyses  prepared  for  this  report.  The  0H:F  ratio  varies  con- 
siderably 8U2d  OH  may  become  negligible. 

Many  unique  theories  h&v«  been  aivanced  to  explain  the  chemiceil  var-* 
intion  in  this  speclea.  The  two  Boet  recent  anri  widely  accepted  at  present 
aze  those  of  Sterers  (193^0  ;-snd  i?lncheii  (19^2 j.  Both  ciaploy  the  end-meitiber 
concept  whose  f undine litel  (inits  erer 

Stevens  (193*^) 

KLtgAlSii^OQ^Qyo  nolyilthlonite 
K (Me  ,Fe  ,>Jg ) ^AlSi  (OH  ,F  biot  i te 
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KT  •»  ^ on  ■c'^_.  ■( -. -7^ 

yw  


KAl, 


2 ( A13 13)0^^  (OE,F  )g  flT.iicov. 


Winchell  a9-^) 


polylithionite  K^Ll|jA.l2Si0P2QFi^ 
protolithionite  K2l»lFej^j3ig0gQFi^ 
paucilithionite  RgLljA-l^l^goPj, 

Winchell  (19^^  pj.21)  points  out  that  an  additional  end -member, 
WteOrltc^  is  needed  to  ej^lain  the  lithia  micas.  However,  he  accepts  only 
the  above  three  as  end -members  of  the  j.epidolite  system  and  considers  that 
the  ’’muscovite  molecule  enters  into  crystal  solution  in  this  system  only  very 
little,  if  at  all."  He  further  notes  that  almost  all  lepidolites  arf;  deficient 
in  LigO  by  approximately  1 percent  and  considers  this  due  to  interlays red,  but 
not  Iscnorphously  conibined,  muscovite. 


The  end-meaibers  of  Stevens  (1953)  and  Winchell  (19^2)  are  useful  to- 
day, ^frtan  our  point  of  ^view,  Izmismueh  as  they  indicate  the  wide  possible  chem- 
ical variation  occurrihg  in  lepldblites.  / 

The  work  of  Stevens  (1953)  and  Winchell  (19^2)  is  typical  of  those 
who  favor  the  end -member  concept.  It  has  been  pointed  out  by  Heinrich  (19^), 
Babbitt  (1948),  and  others  that  the  theoretical  end -molecules  have  no  signifi- 
ceuace  in  the  structure  of  the  mices  eind  other  minerals  and  that  variation  in 
chemicpl  con^iositicns  of  various  series  cannot  be  edetiuately  expressed  by  them, 
Collins  (1942)  fvirther  notes  that  the  suitability  of  plotting  optical  proper- 
ties against  these  hypothetical  conpounds  is  doubi.ful. 

For  this  study  26  lepidolites  were  analysed  spectrochemically, 

T1:3  results  are  shown  in  the  Table  XXTiC. 


B . Structure 


3^,  Polymorphism.  Hendricks  and  Jefferson  (1959)  fomid  three  dif- 
ferent polymorphic  vsTiatlODs  In  lepidolites ; 

1-iayer  monoclinic: 

a^  = 5»5A  ho  = 9.2&  Cq  * IO.2JI  p - 100" 
Space  Groi^:  Cm 
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NSV  SPECTROCHEMiaiO.  1>AI!A  -jH  26  LEPIDOLITBS. 


Oxide 

Present  in  % 
of  Sandies 

Range 

Average 

Pe205 

100 

.03-5.2 

.48 

100 

.007-.  27 

.043 

MnO 

100 

.014-6.0 

1.16 

TIO2 

55 

.OO5-.I2 

.014 

CaO 

100 

.OOI-.O5 

.007 

SrO 

69 

.002- .02 

.006 

65 

.0002-. 001 

..0003 

ragO' 

100 

.14-. 72 

.41 

UiQ 

100 

1. 3-4.4 

5.77 

RbgO 

100 

.12-1.0 

.54 

COgO" 

.04-.37 

.08 

100 

.003-.046 

.017 

ScgOj 

8 

.002- .013 

.0006 

CogOj 

0 

- 

- 

CrgOj 

4 

.0001 

..000004 

BvOq 

100 

.002-. 16 

.021 

Vg05 

8 

.0005-. 002 

.0001 

P 

100 

I.9-6.8 

3.41 

*B6sed 

on  Bpectrochemical  analyses  of  C.  E. 

Harvey 
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6-layer  monoclinic: 


a = 9.2A 

o 


Space  Group : Cc 


= 5.3A 


cO  .i-jA 


00= 


This  polymorph  is  unique  in  that  the  values  of  smd  are 

interchanged  as  con^ared  vith  all  other  mica  polymorphs. 

5-layer  hexagonal: 

ao  * 5.5&  Co  = 50. oA 
Space  Grovq>:  05^12  or  C52I2 

Approximately  300  sangples  (50  analyzed  chemically)  of  lepidolite 
from  about  100  different  epeclmenfl  have  been  X-rayed  and  their  symnetry  has 
been  determiited.  All  the  lepidolite  polymorphs  described  by  Hendricks  and 
Jefferson  (1939)  have  been  recorded,  and  in  general  the  results  agree  with 
theirs.  One  anomalous  type  discovered  is  a lepidolite  whose  structure  is 
that  of  the  nortaal  1-layer  monoclinic  polymorph  but  whose  optic  plane  is  nor- 
WW.1  to  the  side  pinacoid  instead  of  parallel  to  it.  Ifafortunately,  owing  to 
its  small  size,  the  crystal  was  lost  during  uanipulation  of  the  goniometer 
bead  upon  which  it  was  movmted.  Also  a new  lepidolite  polymorph  has  heen 
found  (3-layer  monoclinic)  which  is  described  at  the  end  of  this  section. 

Much  of  the  structural  data  on  lepidolites  has  been  published  in  a 
paper,  "Studies  in  the  Mica  Group;  Relationship  between  Polymorphism  and  Com- 
position in  the  Mob covite -Lepidolite  Series,"  by  Levinson  (1953)>  which  re- 
sulted from  the  natural -mica  research  supported  by  the  Signal  Corps  contract. 
The  information  on  the  following  pages  represents  an  elaboration  and  extansion 
of  this  information. 

2.  S ingle  -Crys tal  Variations . Most  of  the  specimens  analyzed  by 
Stevens  (1938),  which  were  etrucxurally  investigated  by  Hendricks  and  Jefferson 
(1939»  P-  761)7  were  restudied.  Table  XXX  illustrates  the  high  degree  of  cor- 
relation between  Hendricks  and  Jefferson  (1939)  and  the  writers'  data.  The  two 
BeuB  of  res  aits  are  in  general  agreeiacut.  However,  some  very  significant  ■'.reria* 
tions  may  be  obseived.  In  Stevens  (1938)  No.  3»  two  very  small  pieces  of  lepi- 
dolite were  found  from  which  Weissenberg  patterns  could  be  obtained.  Both 
of  these  gave  identical  6-layer  monoclinic  diffraction  patterns.  Inasmuch 
as  an  optical  orientation  method  is  mainly  used,  the  mass  of  the  sar[q>le  could 
not  be  studied  by  the  Weissenberg  method  because  most  of  the  crystals  had 
wavy  extinction  and  gave  distorted  interference  fig^ures.  For  Stevens  No. 

6,  Hendricks  and  Jelferaon  (1959)  report  the  6-layer  monoclinic  structure. 
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i 'IVo  WeisaeDberg  photographs  of  this  sample  indicated  respectively  the  presence 
j both  of  the  6-iayer  lepidolite  poljetiorph  and  the  2-layer  lithian  Brasccvite 
I viqie . difa'cii'ased  previously.’  the  chemical  a.m>I’-slp  preseo'oed  by 

i ytervens  . (1936)  is  a compoeite  as^nly'sis  of  the  two  forms. 


t 
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TABIE  XXX 

STRUCTURE  OF  MICAS  ANALYZED  BY  STEVENS  (1938) 


Stevens 

(1938) 

No. 

LigO 

Total  No.  of 
Atoms  with 
Six-fold 
Coordination 

Hendricks  and 
Jefferson 

(1939) 

This 
Rep  )rt 

1 

2.70 

2.48 

Muscovite 

Normal  muscovite 

2 

3.51 

Too  fine  grained 

3 

5.70 

2.60 

Too  fins  gi’eined 

6 -layer  monoclinic 

for  study 

Too  fine  grained 

5.96* 

■ 2.63 

Too  fine  grained 

6 

5.04 

2.73 

6-layer  monoclinic 

6-layer  monoclinic  az 
lithian  muscovite 

7 

5.05 

2.86 

6-layfcr  monoclinic 

Not  available 

8 

5.11 

2.71 

Single  layer 

Single  layer 

9 

5.33 

2.81 

Siiig].e  layer 

Single  layer 

10 

5.39 

2,94 

Single  layer 

Not  available 

11 

5.51 

2.85 

None  available 

Not  available 

12 

5.64 

2.85 

6-layer  monoclinic 

Not  available 

15 

5.78 

2.91 

Single  layer 

Single  layer 

14 

5.89 

2.94 

3 -layer  hexagonal 

3 -layer  hexagonal 

15 

6.18 

2.95 

Single  layer 

Single  layer 

16 

6.84 

2.98 

Single  layer 

Single  layer 

17 

7.26 

2.97 

Single  layer 

Single  layer 

A systematic  study  was  made  of  one  hook  of  lepidolite  for  the  pur- 
pose of  determining  the  extent  of  polymorphic  variation  within  a single  cry- 
stal. Specimen  No^  51^  from  the  Opportunity  pegmatite,  in  C-unnison  Co^mty, 
.Colorado  was  chosen.  The  specime-  is  approximately  1-1/2  inches  across  ani 
5/4  Inch  thick.  It  heus  a uniform,  typical  pink  color  and  is  euibedded  in  a 
mass  of  cleavelsndite  with  grains  of  mlcrolite.  The  sheets  are  a composite 
of  many  crystals.  Between  many  of  these  crystal  vmits  are  fine-grained  ag(fre- 
gates  of  lepidolite  witli  irregular  form  and  ancaaalous  extinction.  The  optic 
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pianos  of  the  vo.rioue  oro'-stal  un^ts  in  a single  sheet  are  al>’ays  at  30°,  or  j 
soi:'?  raulT.iole  thereof,  to  eaob  ether.  This  appears  to  he  the  case  regerdlspi-  ; 
I of  the  shape  of  the  cii'st.alo  in  cmestio:.,  and  whether  or  not  thry  are  sr;p£ra.>-aj 
j fcy  the  fine-grair.eu  aggregate.  2V  on  all  sections  of  the  sheet,  regaroless  of 
polymorph,  remains  almost  invariant.  In  all,  27  Weissenherg  photographs  of 
Email  crystals  from  two  sheets,  one  near  the  top  and  the  other  in  the  center 
of  the  book  were  made  (see  Table  XXXI).  Of  the  14  photographs  taken  from  the 
sheet  near  the  top,  12  show  the  6-layer  monoclinic  structure  and  2 the  1-layer 
atonoclinlc  structure.  However,  on  7 of  the  photographs  of  the  6-layer  mono- 
clinic  form,  the  pattern  of  lithian  muscovite  was  stiperimposed,  in  some  cas-s 
only  faintly  present.  Of  the  15  photographs  obtained  from  crystals  in  the  cen- 
tral sheet,  12  had  the  6-layer  monoclinic  structure  and  one  had  the  1-layer 
monoclinic  pattern;  only  one  lithian  muscovite  pattern  was  recorded  and  this  agair 
was  super! iigjoBed  faintly  on  a 6~.layer  moncclinic  pattern.  This  shows  the  wide 
polymorphic  variation  possible  in  lepidolite  both  within  sheets  and  also  paral- 
lel to  the  c-axis  direction.  Yet  one  polymorph,  in  this  case  the  6-layer  type, 
is  dominant  throughout  the  book.  An  inspection  of  Table  XXX  indicates  that  ex- 
cept for  numbers  12  and  14,  those  lepidolltes  with  more  than  5.1  percent  LI2O 
have  crystallized  with  the  1-layer  structure.  It  is  necessary  therefore  to 
explain  the  apparently  erratic  results  obtained  in  the  case  for  No.  12,  which 
has  the  6-layei  structioie  aiid  No.  ?Jv  with  the  5-laycr  hexagonal  structure. 

In  the  case  of  No.  12,  unfortunately,  no  material  was  available  for  restudy. 

It  seems  posslb3.e  however,  that  further  investigation  could  reveal  1-layer 
fonns  present  in  addition  to  the  6-layer  type  found  hy  Hendricks.  A re- 
de termj.nat  ion  of  the  LipO  content  also  would  be  desirable. 


3.  Unieixial  Lepidolite . Uniaxial  lepidolite  (No.  l4)  which  has  cry- 
stallized with  the  5-layer  hexagonal  structure  has  a composition  identical  with 
that  of  lepidolltes  that  liave  crystallized  as  the  1-layer  polymorph.  Such  uni- 
axial lepidolltes  or  nearly  uniaxial  lepidolltes  are  very  rare.  A review  of 
the  literature  revealed  that  Baumhauer  (1SX)5,  1912)  first  described  such 
material  from  Murslnsk.  He  proposed  the  term  microlepidolite  for  lepidolltes 
of  this  character  in  contrast  to  macrolepidolites  with  large  2V,  No  chemical 
suialyses  were  reported.  Unixial  lepidolite  (5.83-6.15  percent  LlpO)  from 
Western  Aiistralia  has  been  described  by  Winchell  (1925),  Simpson  Xl927)> 

Murray  and  Chapman  (1951),  Stevens  (1938)  auid  Hendricks  and  Jefferson  (1959). 
This  uniaxial  lepidolite  Is  associated  with  a normal  biaxial  mica  of  almost 
identical  cOiupositlori . Winchell  (1925,  p.  -2!’.),  in  agreement  with 
(1927),  suggest!?  that  the  unlaxieLL  character  '*may  be  due  to  fine  twinning 
on  (001).”  Hendricks  and  Jefferson  (1959)  reported  the  structure  of  uniaxial 
material  f rom Xiondonderry  as  the  3 -layer  hexagonal  type,  whereas  the  biaxial 
me.terlal  was  the  1 -layer  -polymcrpli. 


Jakob  (1927)  analyzed  uniaxial  lepidolite  ( 4.  93  percent  LigO)  from 
Usakos,  and  Pehrman  (19^5)  analyzed  and  described  similar  materiel  from  Kimlto 
(^.99  percent  LigO).  Specimens  of  both  of  these  analyzed  micas  were  found  to 
have  small  areas  of  a biaxial  phase . X-ray  studies  show  that  the  ’uniaxial 
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TABX£  XXa  .u 


EJCmiT  OF  POLYMORPHIC  VARIATlC'i  'If  OKS  LEPLDOLriE  BOOK 
FRW  OPPORTUNITY  PECMATITE.  GUKKISOH  COUNTY.  COiORADO 


Sheet  near  top  of  hook 


51I*  (a) 

6-layer 

monoclinlc 
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2 -layer  lithian  muscovite 


Slxeet  near  center  of  book 
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portions  have  crj'^tallized  as  the  3-].ayer  hexagonal',  polymorph  hut  that  the  bi-  i 
axial  psirts  have  the  lithian  muscovite  structia-e.  Glace  it  has  been  deTr;or:-  | 
Etrated  that  -che  lithian  muscovite  stimcture  is  c:niTined  to  a lover  L'i2''  "-■’■‘'a'? 
the  LigO  contents  of  the  Usahos  and  Kimito  micas  represent  composite  results  | 

which  are  lowez*  than  those  obtainable  from  strictly  uni&xial  specimens.  j 

I 

Lundhlad  (19^2,  p.  58)  notes  that  an  analyzed  specimen  of  lepidollte 
frott  Veorutrfisk  haa  both  xmiaxial  and  biaxial  portions.  The  analysis  of  this  j 

matericLl  seems  unreliable;  65.62  percent  Si02  in  a lepidolite  is  too  high.  I 

Miss  Berggren  (the  eumlyst),  according  to  Lundblad  (19-+2),  sesmc  to  suspect  ! 
quartz  contamination.  Under  these  conditions  it  seems  best  to  eliminate 
this  mica  froa  consideration. 

Recently  Macgregor  (19^5)  described  a lepidolite  from  Southern 
Rhodesia  vlth  a small  2V.  A specimen  simileLT  to  the  described  materiSLl  sur- 
rounds a core  of  muscovite  and  in  turn  is  enclosed  by  lepidolite  with  a large 
2V.  The  muscovite  structure  is  normal^  and  the  lepidolite  with  the  large  2V 
has  crystallized  as  the  1-layer  polymorph,  whereas  the  uniaxial  portion  has 
crystallized  as  the  3 -layer  hexagonal  form.  The  association  of  the  1-layer 
and  3 -layer  hexagonal  polymorphs  is  identical  with  that  of  the  Western  Aus- 
tralia materisl..  Chemical  analysec  of  these  lepldolites  are  not  available. 

If  one  takes  into  account  the  presence  of  lithian  muscovite  in  the 
Usakos  and  Kimito  iepidolites,  it  seems  reasonable  to  infer  tliat  the  112© 
content  of  lepidolite  of  entirely  uniaxiul  character  mfiy  approach  or  even 
exceed  the  lowest  LigO  content  of  any  of  ti.ie  samples  with  the  1-layer 
structvtre . 

StimcturaLiy  the  3-loy*- 1 hexagonaJ..  pciynorph  can  he  geometrically 
luterpi'c.  i-cd  as  three  l-la^'er  forme  •'twi.nrsd"  ,n  (OOl ) with  succseu..- og  layers 
rotated  120**  in  the  same  direction  (either  clockwise  or  counterclockwise). 
Hendricks  and  Jefferson  (1959»  P<  7^6)  with  relation  to  the  5-layer  hexagonal 
structure  state  that,  "a  particular  layer  is  repeated  about  a three-fold 
screw  axis  nonoal  to  the  cleavage."  The  powder  patterns  (Fig.  T)  of  the  5- 
layer  hexagonal  polymorph  and  the  1-iaycr  mcnoclinic  pcljcnorph  are  almost 
identical.  The  cause  of  tnic  I'otat.bon  j-eirnins  to  be  e.Kp.la5ned. 


;er  ! >1  t,"' y wnlaxlal  fleure  in 


muecovite  by  stacking  rotaxed  sheets  in  xhis  fashion.  Although  bis  sheets 
were  of  considerable  thiclcness^  the  over-all  optical  effect  appears  to  be 
the  same . 


Ford  (1952)  explaixiB  the  un.laxial  effect  on  the  basis  of  rotation 
of  the  plane  of  polarization,  de  notes  (p.  328)'. 


I 
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'^4  parti cul&riy  interesting  case  ,- . is  that  of  th?  special 
properties  of  superposed  cleavage-sections  of  mica,  if  three  or 
more  of  these,  say  of  rectangular  tom,  he  superposed  and  ec 
placed  that  the  lines  of  the  axial  planes  make  ecual  angles  of 
60°  (45°^)  etc.)  with  each  other  ths  effect  is  that  polarized 
light  which  has  passed  thro\;gl,  the  center  8\iffers  circular  polar- 
ization, with  a rotation  to  the  right  or  left  according  to  the 
way  in  which  the  sections  are  built  vqp.  The  interference -figure 
resembles  that  of  a section  of  quartz  cut  normal  to  the  axis... 
Further,  It  is  easy  from  this  to  understand  how  it  is  possible  to 
have  in  sections  of  certain  crystals  (e.g.,  of  clinochlore)  por- 
tions which  are  biaxial  end  others  that  are  unlaxleLL,  the  latter 
being  due  to  an  intimate  twinning  after  this  method  of  biaxial 
portions . " 


( 


Similar  effects  have  been  reported  in  feldspars  (St^gl,  19^0),  talc 
and  seiTpentine. 


4.  Powder  X-ray  Studies . Hendricks  and  Jefferson  (1959)  note  that 
Stevens  (1958)  Hoa,.  2,3,^,  and  5,  whi  h appear  to  be  in  the  Interval  between 
the  2“lajf^r  Muscovite  tyj'C  and  the  b-layei‘  7..epidollte  type,  are  too  fine- 
grained for  studjr  and  speculate  ^p.  765): 

"It  is  tantalizing  to  think  thuf  samples  2 to  5 owe  their  poor 
crystal  development  to  their  close  i?.pp roach  to  the  limit  of  the  lepi- 
dolite  solid  solution  in  muscovite." 


It  seems  very  likely  that  these  fine-grained  micas  owe  their  macrostructural 
defects  to  small-scale  variations  in  their  c7.*yBtal  structtire  which  itself 
probably  is  assignable  to  their  chemically  transitional  position  in  the 
muscovite-lepidolite  series.  In  order  to  test  this  possibility,  powder 
X-ray  studies  on  these  micas  were  attempted. 

It  was  first  necessary  to  obtain  powder  X-ray  data  for  each  of  the 
known  polymorphs.  The  only  powder  data  on  muscovites  or  lepidolites  found 
in  the  literature  imre  for  normal  muscovite  (Nagelschmidt,  1937)  and  for  the 
3-layer  muscovite  polymorph  (Axelrod  and*' Grimaldi,  19^9)  • Grim  and  Bradley 
(1951)  list  peirtial  data  for  normal  muscovite  and  a 1-layer  lepidolite  and 
give  photographs  of  the  two  patterns.  A complete  set  01  powder  pictures  was 
compiled  by  X-raying  powdered  single  crystals  whose  structure  had  first  been 
determined  by  the  Weissenberg  method.  This  set  of  standard  photos,  which 
Includes  the  polymorphs  of  muscovite  and  lepidolite  under  study,  is  snowii 
in  Fig.  7J  tile  d-spacings  of  forms  not  previously  published  are  given  in 
Table  XXXII. 

The  structirres  of  the  fine-grained  lepidolites  analyzed  by  Stevens 
(1958)  have  been  detennlned: 
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Stevens 

No, 

i 

1 

Per  Cent  | 

Li20 

structure 

t>y 

.Hendricks 

Tl’.is  Report 

Total 

Six- 

and 

Jefferson 

Weissenberg 

Powder 

Fold 
Coord , 

2 

5-51 

r* 

too  fine- 
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6-layer 
2 -layer 

lepidolite  + 
muscovite 

2.5^ 

3 

3-70 

too  fine- 
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6-layer 
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2 -layer 

lepidolite  + 
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2.60 

k 

3.81 

too  fine- 
grained 

6-layer 
2 -layer 

lepidolite  + 
muscovite 

2.58 

5 

3.96 

- 

too  fine- 
grained 

6-layer 
(2 -layer 

lepidolite  + 
muscovite?) 

2.63 

That  these  fine-grained  lepidolites  are  combinations  of  forms  and  not 
single  structures  confirms  the  idea  that  the  poor  crystal  development  is  re- 
lated to  their  composition.  Micas  with  these  combined  stnictures  may  be 
termed  transitional.  It  is  noteworthy  that  crystals  of  Stevens  No.  3 large 
enough  for  Weissenberg  photographs  are  6-layer  foi-ms,  but  the  poorly  developed 
crystals  from  the  same  specimen  have  a combination  6-layer  lepidolite  and  2- 
layer  muscovite  structure.  It  is  likely  tliat  the  well  developed  crystals  have 
a higher  lithium  content  than  the  intergrown  portions.  In  all  cases  the  6- 
layer  lepidolite  polymorph  predominates  over  the  muscovite  tj-pe  in  the  transi- 
tional types . 

Owing  -to  the  close  similarity  between  the  powder  patterns  of  normal 
muscovite  and  lithian  muscovite,  the  exact  type  of  muscovite  in  the  ccrabined 
powder  patterns  of  the  tranoi-.ional  micas  is  difficult  to  determine  with  cer- 
tainty. Hov'ever,  careful  study  of  the  intensities  indicates  the  probable  pres- 
ence of  lithian  muscovite  type. 

5.  Variation  of  Structure  with  Composition.  On  the  basis  of  the 
structural  data  obtained  it  seemed  advantageous  to  plot  Li20  content  against 
the  polymorphic  types  of  the  muscovite-lepidolite  series:  normal  muscovite, 

lithian  muscovite,  transitional  micas,  6-layer  lepidolite,  i-layer  lepidolite 
and  3-layer  hexagonal  lepidolite.  The  result  of  plotting  the  Li20  contents 
of  35  €Uialyzed  micas  against  their  structures  is  presented  in  Fig.  8.  Many 
more  micas  with  less  than  2 percent  Li20  were  studied,  hut  there  is  no  need 
to  record  these,  as  they  all  have  the  normal  muscovite  structure. 
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g.  7.  X-ray  powder  photographs  of  polymorphs  in  miisccvite-lepidolite  series.  A,  normal  mus- 
covite, Varutrask,  Sweden;  3,  li'-hian  muscovite.  South  Portlaiid,  Maine;  C,  6-layer  lepidollte 
Gunnison  County,  Colorado;  D,  1-iayer  lepidolite,  Sk.lLeHoda,  Sweden;  E,  J>-\ayeT  hexagonal  le- 
pidolite,  Londonderry,  Western  Australia.  (For  another  photograph,  see  Levinson,  1955»  P»  9-' 
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The  graph  shows  that  Bicas  with  less  than  ca.  5.3  peroeiit  K-gO  have 
the  aor5B6.1  muscovite  structure;  thote  with  5>^  to  ^.0  percent  LlgO  have  trsxuii-j 
ticnal  structxrres;  those  with  k,0  to  '?,!  percent  ^.v-aerally  ha-’^e  crystallized 
with  the  6-layer  lepidolite  structure;  whereas  those  biaxial  itlcas  with  more 
than  p.l  percent  hl20  generally  have  the  1-layer  lepldolite  stricture.  The 
uniaxial  lepl.dolites  as  discussed  prc'-rLously  have  relatively  large  Ll20  con- 
tents, probably  In  the  sass  range  with  those  of  the  1-layer  form,  and  this 
structure  my  be  e:^plalned  by  “twlaning.  ” Too  few  data  are  now  available  to 
place  the  ilthian  miseovite  type  of  st^ctuxe  accurately  In  the  series . .-8pw- 
ewr>  the  cnrailable  evidence  shqws  that  it  helongs  sanevhere  between  noriaal  ^ 
nuecovlte  and  6-layer  iepidolite.  The  above  concluslonB  are  graphically  re- 
presented in  Fig.  9* 

' Analysfid  roicas  described  by  Berggren  (19^*  19^1)  and  Inndblad  (19^ 
do  not  fit  well  into  the  cosclueicns  represented  "by  Fig.  9»  The  results  ob-  |{ 
tallied  froa  sr-tidies  of  there  nlcss  are  presented  in  Table  XXXIII.  In- 

consistencies appec*‘  w'ith  regard  to  Berggren’s  (19*^)  micas  In  A,B,C,  and 
Lundblad’e  (39^1)  Ko.  1.0  and  No.  13.  Micas  C and  No.  15,  which  are  reported  to 
hare  3.9  and  5.T  per cant  Li^O,  respectively,  have  crystallized  with  the  normal' 
miBCOvlte  stri’ctute.  much  as  5«T  percent  I<i^,  or  even  3*9  percent  Li20, 
in  nonjBl  auacovJte  appears  improbable  on  the  basis  of  present  knowledge.  It 
is  pceari;.ie  that  v,he  lltniuiii  '.ontent  of  the  ciica  casroles  varies  so  much  that 
the  portions  supplied  represent  extreme  structural  voxiations  of  the  aiBiUyzed. 
materials.  Several  of  the  Swedish  micas  are  optically  nonhomogeneous,  <rhlch 
may  Indicate  the  presence  of  several  crystal  phases,  and  one  may  even  be  eon- 
taaioated  with  qviartz  (Lundblad,  19*i2).  Under  such  circuxatances  an  attempt 
to  correlate  polymorphism  with  chesirtry  voiCiA  he  fruitless.  Bsuahauer  (191^) 
deacribed  several  lepidolites  with  >-x  wide  range  of  2F  and  several  distinctive 
ty'peB  of  etch  figure  in  single  specirnwria . Both  of  these  featiures  probably 
indicate  structviral  var3atloi.u; . Kscep\;  for  the  Swedish  micas  the  correlation 
is  good.;  indeed,  better  than,  might  be  expe!':ted,  c-ensidering  thsyr^ence  of 
8tructui"al  mrlatlon  in  sicgle  boois.B  and  the  probable  wide  range  in  quBuLlty 
of  the  LJgO  Aeterminst -..c:  s <■ 

6.  Discussion.  There  are  at  least  two  possible  ways  in  which  a 
theoretical  series  between 
substitution  consists  of  2L1^ 

Sl(^)  (the  superscript  numbers  refer  to  coordination  number).  The  former 
process  leads  to  Wincheli-s  (19^2  / yOjA  ii  iuili.Clll.'tiC  y V'UCI'wmIZ  "t-llS 
to  paucillthlonite.  Minor  coB5>llcatxons  arlra  with  the  siibstitution  of  Fe"*"^, 
Mn"*"^,  and  Mg  for  Al'*’^,  but  it  is  possible  to  determine  without  difficulty 
«QT(^h  of  the  above  processes  is  involved,  by  inspection  of  the  SiOg  content. 

The  silica  content  will  be  higher  than  in  normpJL  muscovite  in  the  first  case 
amd  lower  in  the  second.  It  is  possible  that  the  two  substitutions  operate 
together  .‘.u  liatural  micas,  but  there  appears  to  be  preponderant  reason  for 
believing  that  the  seq[uence  muscovite -polylithionlte  dominates,  for  all  tme 
lepidolltes  that  we  have  been  able  to  study  are  higher  in  SiOg  thau  ^nMco- 
vite.  In  the  theoretical  series  muscovite -pclyllthionite 


muecovite  and  Iepidolite  can  be  constnicted.  One 
Li(^)  Al^  the  other  is  Iil(^)Al(iLL 


Bar  .. 


LEGEND  FOR  FIGURE  8 


1.  Wodglua,  Weete:m  Australia;  No.  Rovledge  (19^5). 

2.  Tabba  Tabba,  Western  AustraJ.ia;  No.  52,  Rowledge  (19^5) > 

5.  Vamtrask,  Sveden;  Analysis  D,  Berggren ( 19^ ) . 

4^.  Wodgina,  Western  Axistraiia;  No.  6,  Rowledge  (19^5)* 

5*  ' Tabba  Tabbe,  Western  Australia;  No.  6,  Rowledge  (19^5) • 

6.  Karibib,  South  Africa/  2.51&  LigO,  courtesy  of  Foote  Mineral  Conpany 

7.  Wo(^ina,  Western  Avistralia;  No.  2,  Rowledge  (19^5). 

8.  M^itoba,  Canada;  No.  Stevens  (1938). 

9.  Karibib,  South  Africa;  3.0^  LigO,  courtesy  of  Foote  Mineral  Company 

10.  Wodgina,  Western  Australia;  Murray  emd  Chapman  (1931). 

11.  Tabba,  Western  Australia;  Murray  and  Chapman  (1931)- 

12.  Ravenstho:T>e,  Western  Australia;  Miurray  euid  Chapman  (l93l)» 

13.  Beeu:  Claim,  Manitoba;  Spec.  XXXIII,  Ellsworth  (1932). 

1^».  Pala,  Calif.;'  No.  2,  Stevens  (1958). 

15.  Pala,  Calif.;  No.  5,  Stevens  (1938^ 

16.  San  Diego  Co,,  Calif.;  No.  4^ Stevens  (1938). 

17.  Pala,  Calif.;  No.  5, Stevens  (1938). 

18.  Ubini,  Western  Australia;  Murray  and  Chapman  (1931). 

19.  Poona,  Westenx  Australia;  Murray  and  Chapman  (1931). 

20.  Pala,  Calif.;  No.  6,  Stevens  (1958). 

21.  Ohio  City,  Colorado;  No.  7,  Stevens  (1958) . 

22.  Pala,  Calif.;  No.  12,  Stevens  (1958). 

23.  San  Diego  Co.,  Calif.;  No.  8,  Stevens  (1938). 

24.  Mesa  Grande,  Calif.;  No.  9,  Stevens  (1958). 

25.  Aatsongombato,  Madagascar;  Mauguin  (1928B). 

26.  Wakefield,  Canada;  No.  10,  Stevens  (1938). 

27.  Mesa  Grande,  Calif.;  No  15,  Stevens  vl93o). 

28.  Maharitra,  I^adagescar;  Mauguin  (1'V28b). 

29.  San  Diego  Co.,  Calif.;  No.  15,  Stevens  (1935). 

50.  Antsongombato,  Madagascar;  Wo.  I6,  Stevens  (1938). 

51-  Greenland;  No.  17>  Stevens  (1958). 

52.  Usakos,  Southwest  Ai’i'ica;  Jako'o  (.1927). 

33-  Kiinito,  Finland.;  Pelimian  (j.945)' 

34,  Calgoorie,  Western  Australia;  Wo,  14,  Stevens  (j.935). 

35.  Londonderry,  Westera  Australia;  Murray  and  CLapman  (l93l) 

The  stinuctures  of  aU.  the  above  micae.  with  the  exception  cf 
21,  22  and  26,  have  been  determined  by  the  auth'-r? . In  the  case  of  the  t 
exceptions  the  structures  reported  by  Hendricks  and  Jefferson  (1959)  hav 
used. 


n'ijmberE 
hree 
e been 
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cb  appeeu-n?  to  be  represonted  in  nature,  an  increase  in  tne  cii  j 
content  is  accompanied  by  an  increase  of  Li.  In  order  for  the  overall  | 

charges  to  be  balanced,  tvo  Li  ions  are  needed  in  six-fold  positions  for 
each  replaced  aluminum.  It  io  concluded,  therefore,  that  inasrcuch  as  tvo  Li  j 
ions  cannot  occupy  the  space  of  one  A1  ion,  the  additional  Li  ion  must  occupy  ! 
one  of  the  vacant  octahedral  positions  in  the  m'UBcovite  structure.  The 
higher  the  Li  content  (i.e.,  the  closer  the  approach  to  polylithionite ) , the 
irore  vacant  positions  sure  occupied;  thus  there  exists  a structural  (though 
discontinuous)  sis  veil  as  a chemical  series  betveen  heptaphylllte  muscovite 
and  octpphylllte  lepidolite.* 


TABIE  XXXIII 


STROCTUSE  OF  MICAS  DESCRIBED  BY  BERGGREN  (19^,  19^1) 
AND  LUNDBLAD  (19^2) 


Analysis 

LigO 

Strv.cture 

Structure 

A 

5.95 

6-layer  lepidolite 

Varvtrask 

B 

4.35 

1-iayer  lepidolite 

Varutrask 

C 

3.9 

normal  muscovite 

Vsu'utr^k 

D 

2.45 

normal  muscovite 

Varutrask 

E 

l,8o 

normal  muscovite 

Varutrask 

G 

0.73 

normal  muscovite 

Varutr&k 

H 

0.69 

normal  muscovite 

Varutrask 

I 

0.22 

normal  muscovite 

Varutrask 

J 

0.76 

normal  muscovite 

Varutrask 

K 

1.10 

normri.1  muscovite 

Varutrask 

L 

1.1 

nonral  muscovite 

Varutrask 

No.  10 

4.55 

1 -layer  lepidolite 

Var’:trask 

No.  13 

5.7 

normal  muscovite 

Uto 

No.  14 

5.5 

6-layer  and  1-layer 

Rozena 

lepidolite 

Further  evidence  for 

the  existence  of  the  muscovite 

-lepidolite 

series  is  found  in: 


the  term  lepidollte  is  awkward  because  it  embraces  5 different 
polymorphs.  The  intended  meaning  of  lepidolit^  in  the  phrase  "muscovite - 
lepidolite  series"  is  that  of  the  ideal  Li -rich  mica  with  the  ccanposition 
of  polylithionite  (KLi^A3Sij^0^oF2)  whose  octahedral  positions  are  completely 
filled. 


11^5 
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UN'VERSITY  OF  MICHIGAN 


:R(NO  '-l^tEASCrf  iASTH'l'TE 


1.  '^.e  int^^prt’ial^c:a  of  the  atra^ture  cf  lithlEP.  auseorlt?  as 

a less  distorted  normal  muscovite  structure  owing  to  a filling 
of  the  structural  holes  by  Li  ions  (see  discussion  of  llthian 
muscovite ) . 


2.  The  observation  that  the  Li20  content  of  micas  (Fig.  8)  in 
the  iiiuBcovite-lepidolite  series  ranges  from  O-to  7.26  per- 
cent and  that  therefore  the  above  mentioned  accoaqpanying 
suibBtitutlons  |2Li^^^Si^^' probably  take  place. 


3.  The  interpretation  of  Winchell's  (19^2)  observation  (that  most 
lepidolites  ai-s  deficient  in  LigO)as  intticatiag  that  these  micas 
do  not  have  con?>lete  occv5>atlon  of'^he  vacitot  oet6he4S«l  7I 
positions  by  Li  ions:  no  muscovite  has  been  fout»l  (by  X-ray 
methods)  interlayered  with  lepldolite  except  some  lithleui 
muscovite. 


4.  Stevens*  (l958>  p.  618)  and  Hendricks  end  Jeffersons*  (195S>» 
p.  761)  calculations  showing  that  the  number  of  atoms  with 
octahedral  coordination  in  the  micas  analyzed  by  Stevens  (1958) 
range  from  2.48  to  2i98  (see  .Table  XXX  ). 


In  our  discussions  of  biotite  and  phlogopite  it  will  be  pointed  out 
that  no  such  similar  chemical  or  structural  series  exists  between  heptaphylllte 
muscovite  and  either  octopihylllte  biotite  or  phlogopite^  as  has  been  suggested, 
by  various  inTestlgators. 

It  has  been  suggested  that  the  evidence  presented  above  eG.so  may 
indicate  that  the  extent  of  solid  solution  in  the  muscovite -lepldolite  series 
is  very  limited.  The  transitional  micas  that  appear  near  the  middle  of  the 
series  might  be  composed  of  two  phases  in  such  proportions  that  their  average 
coB^osition  contains  about  2.55  atoms  with  octahedral  coordination.  This 
concept  is  difficult  to  accept  owing  to  the  fact  that  several  micas  close  to 
the  middle  of  the  series,  such  as  Stevens  (1958)  No.  1 which  contains  2.48 
atoms  in  octahedral  coordination,  contain,  frjm  X-ray  and  optical  studies, 
only  one  uniform  phase. 

7.  i^niBrATy.  The  discovery  of  the  llthian  muscovite  type  of  struc- 
ture, the  interpretation  of  the  structural,  origin  of  the  5-layer  hexagonal 
lepldolite  polynwrph  and  good  correlation  between  LigO  content  and  tne  various 
polymorphs  shows  that  chemical  axid  structural  transitions  occur  between  Li- 
free  muscoYltea  and  Li -rich  lepidolites.  It  seems  probable,  however,  that 
the  relationship  between  a single -ion  variation  and  polymorphism  In  a struc- 
ture as  conplex  as  the  micas  is  somewhat  over simplified.  Overlapping  undoubt- 
edly takes  place  aad  it  raay  be  possible  to  get  even  more  accurate  results  by 
calculating  the  number  of  atoms  with  octahedral  coordination  against  the 
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various  polymorphs;  s.t  present  too  fev  complete  analyses  and  spe-iT.ens  are  j 

Bvailahle  to  atter;;  ..  :ViLs  approach.  ; 

i 

i 

The  study  shows  also  that  structural  variations  in  single  lepidoli- e ; 
crystals  are  common  and  can  he  coupled  with  compositional  variations.  The 
correlation  may  p'rove  valuable  in  estimating  the  approximate  Li20  content 
of  the  mica  without  a chemical  analysis.  Normai  muscovite  may  have  as  much 
as  5*5  percent  Li20.  Micas  with  5-^  to  4.0  percent  Li20  are  generally  char- 
acterized by  pc^r  crystal  development  and  anomalous  optical  properties  owing 
to  their  trails Itior.al  stiuctures.  Lepidolites  with  4.0  to  5-1  percent  Li20 
general 1 y crystaliize  as  the  6-layer  monoclinic  polymorph  whereas  those  with 
more  than  percent  Li20  have  usually  crystallized  as  the  1-layer  monoclinic 
polymorph.  Hexap^nal  lepidolite  is  conniionly  associated  with  1-layer  monoclinic 
polymorph,  and  hotb  have  essential-ly  identical  compositions. 


C . A New  3-I^yer-  Monoclinic  Lepidolite  Polymorph 

A specimen  of  lepidolite  from  Skulehoda,  Sweden  (No.  476)  was  found 
to  include  a very  small  amount  of  unisixial  (2V  as  large  as  approximately  5“ ) 
material.  The  majority  of  the  lepidolite  is  hiaxiaJ.  (2V  = 37°)  and  has 

crystallized  as  the  1-layer  polymorph.  The  biaxial  and  uniaxial  portions  occur 
in  the  different  sections  of  the  same  sheets  and  are  megascopically-  indis- 
tinguishable. TSie  boundary  between  the  two  phases  is  microscopically  sharp. 
X-ray  studies  of  the  viniaxial  portion  reveal  the  presence  of  an  unr^ported 
3-layer  monoclinic  polymorph. 

Zero-level  Weissenberg  photographs  have  been  taken  about  all  a- 
and  pseudo  a-axes  (120®  from  true  a-axis)  as  well  as  b-  and  pseudo  b-axes  of 
this  polymorph,  A plane  of  symmetry  in  the  position  of  b*  as  well  igis  c*  was 
recorded  on  only  one  of  the  photographs;  therefore  this  pattern  is  considered 
as  having  been  obtained  from  rotation  about  the  true  a-axis.  Coupled  with 
information  from  other  Weissenberg  photographs  the  crystal  system  Is  estab- 
lished as  monoclihic.  The  Weissenberg  pattern  obtained  by  rotation  about  the 
0-level  a-axis  is  idenDioal  with  0-level  a-axis  photographs  obtained  from  the 
3-layer  hexagonal  polymorph.  A 0-level  pseudo  a-axis  Weissenberg  is  shown 
in  Fig.  10.  Among  others,  0-level  b-axis  (Fig.  11)  and  1-levei  a-ai:ls  (Fig. 

12)  photographs  show  some  differences  from  the  corresponding  patterns  of  the 
3-layer  hexagonal  polymorph . Differences  along  the  reciprocal  lattice 
line  between  the  3-layer  monoclinic  lepidolite  and  5-layer  hexagonal  poly- 
morphs may  he  seen  by  comparing  Fig.  12  with  the  l-le\'el  a-axis  Weissenberg 
photographs  illustrated  by  Axelrod  and  Grtjsaldi  (1949).  For  all  practical 
purposes  the  illustrations  given  by  Axelrod  and  Grimaldi  (l9^-9)  are  identical 
with  those  which  can  be  obtained  from  5-laycr  hexagonal  polymorph  ori- 
ginally described  by  Hendricks  and  Jefferson  (1939).  Similar  differences  are 
also  obtained  ccn^iaring  any  reciprocal  lattice  row  in  which  k is  divisible  by 
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g.  11.  0- level  b-axis  Weiscenberg  phctogra 

obtained  f.rom  5-layer  monoclinic  lepidolite 


g-  12.  1-level  a-axis  Weissenberg  photograph 
obtained  from  5-layer  monoolioic  lepidolite. 
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^ ■ ■'i-l  insludii:.',  'iC  * reflectionB ) . Isderi);:;.'  r-t^ar.  aii  rer„^c;- 

tiops  'sflto  a ->-  k odd  and  {00})  vlth  5^  were  abi'-'-nt.  'Jcf  posBibj.j  - 

^:rJr-ic  jicace  groiaps  with,  the  infonnation  thus  'ar  obtained  'ii  - Skfty  • C?.c  j 

■ I 


In  con?>ariEg  a-  and  b-ecsls  photograp}:  • " c >:  xc^'j:  ::rjd  the  1- 

layer  Honoclinic  lepidolite  (space  groiip  Cm)  a very  Su^  -sreating;  rcl',itio’';sbip 
is  observed.  Vfhen  the  photographs  are  sxqieriji^Kised^  every  ^hird.  r»^fle;:lIon  of 
the  new  for®  corresponds  exactly  with  a reflection  of  the  "L-layrir  r- lytscrph: 

In  between,  two  additional  reflections  will  alnost  ajwrys  be  found  on  pi.?  to- 
grapha  of  the  new  polymorph.  ‘Jhis  relationship  also  applies  to  photographs 
obtained  by  rotation  about  the  pseudo  a>  and  b-axes  as  well.  Therefore  It 
Is  logical  to  assuBte  that  the  3-layer  nonoclinlc  lepraolise  contjilns  the  same 
symmetry  elements  as  the  1-layer  polymorph  and  thus  h&s  also  crystallized  in 
the  aanoclinlc  space  groiq>  Cm.,  Tbe  unit  cell  dimensions  are  (approximtely): 

a,j  » '>,2  A 

bp  = 9,0  I 

Cq  “ 50.0  A 

p =90“  (+50’ ) 

x-ray  i>owder  data  of  the  5-layer  monocllnic  lepidolite  are  given  in  Table 
XXXIV.  In  comparing  the  d-spaclngs  arid  intensities  with  those  given  for  the 
other  mica  polymoiphs  (Table  XXXII ) the  existence  of  the  new  polymorph  is 
substantiated.  Also  in  Table  XXXIV  a quantitative  spectrochemical  analysis 
is  given  of  the  biaxial  lepidolite  (l-layer)  which  is  foimd  in  the  same  book 
with  the  new  structural  variety.  The  LigO  content  of  this  sperlaen,  however, 
does  not  correlate  well  with  the  results  obtained  for  other  micas  in  the 
muBcovlte -lepidolite  series.  The  relationship  of  the  new  5-layer  nonoclinlc 
poljaoiph  to  other  siembers  of  the  muscovlte-lepldolite  series  remains  to  be 
deciphered.  It  appears,  however,  that  this  polymorph  is  extremely  rare. 


D.  Optical  Froperties  Of  LspidoT^ite 

1.  Indices , 2V,  and  Variation  and  Compos it ion 

a = 1.525  - 1.5^  2V  » 0 - 5o-  (negative) 

p « 1.551  - 1.580  ayv3  = 0 - -5" 

t * 1-55^  - 1.586  p/va  = 0 - ^3° 

Y-  a = 0.018  - 0.058  Y = b 

Optic  plane  normally  parallel  to  (010 ). 
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TABLb,  liXXlT 


SP?^;'rv;'K''::,;Tr.  ’CAL  .MJD  X-RAY  DA'M  ON  LEPHtOLITE  FROM 
3KULEB0BA,  SWEDEN  (Ko.  i^76) 


Analynis  of  l-3.ayer 
lepidolite* 


X-rs:'  ai ' a on  5-lRy£~ 
oonoclinic  lepidolite** 


S102 , 

a 

48. 

AlgOj 

a 

30. 

; 

a 

11.1 

^V3 

- 

.22 

Me^ 

m 

.01 

s 

.32 

J 

= 

1.1 

BaD  . : 

= 

.0008 

Wt^Qv 

a 

.90 

LlgOl 

= 

4.1 

StiOg.; 

= 

.006 

GagOj 

« 

.016 

TiOg  , 

s 

.cyyt- 

SCgO, 

= 

SrO.  0 

x: 

.006 

A 

CaO  ’ 

-■  . 

. 0<.'S 

V5 

=: 

. .002 

CspQ  ' 

.1^' 

Cu  Kcci',  r 1.53T5615X 
Intensity  ~d<-epaclng 


B-  — — 9.91 

111.  I1.98 

B 4,^ 

3.87 

B — 3.56 

8 3.32 

V  — 3.18 

vw  — — = 3.11 

yV 2.95 

YV  2.87 

VW 2.83 

bb".— — 2.60 

WW  — — 2.5^ 

V  — 2.44 

WW  — — — 2.33 

VW  — 2.26 

VW 2.17 

VW 2.09 

WW  — — — 2.02 

B 1.99 

VW 1.71 

W 1,67 

VW  i.6> 

VW  — 1,6j 

VW  — - 1.,  3? 

V l.3i 

1,^0 

y V ^ ' — l.y  /i 

1.50 

Wt  l.jo 

VW  -..-2^4 


F ■■  = 

*Si?6ctror;i’fi!iii otf.I  analjT-iE  t>y  C.  Kexv&y 


Heifitt 
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The  rslstioA^hip  betveer)  variation  in  optical  properties  and  the 
chemical  coit^osltion  is  con^ilex,  hut  the  values  of  the  indices  of  refraction 
dc  not  depend  v^on  the  content  of  Li,  but  rether  upon  the  amounts  of  ferric 
on,  ferrous  iroi;  and  -aarigeneae  that  may  be  present.  Lepidoiites  that  are 
low  in  these  three  elements  have  indices  of  refraction  euad  birefringences  in 
the  lower  portions  in  -he  above  listed  ranges^  wliereas  lepidoiites  ccntaiixing 
appreciable  amounts  of  ferric  iron  particularly,  or  of  some  ferric  iix»i  ixlus 
ferroue  iron  and  manganese,  ha*/e  indices  and  birefringences  tioat  lie  witain 
the  upper  part  of  the  above  listed  ranges.  Apparently  there  is  also  a slignt. 
decrease  In  the  size  of  2V  with  Increasing  ferric  iron  or  with  increasing 
ferric  iron  plus  ferrous  Iron  and  manganese. 

Optical  constiants  were  measured  on  individual  flakes  whose  Ehructiire^ 
first  had  been  determined  by  the  Welssenberg  method.  The  results  are  presented 
in  Table  XXXV.  Bxe  indices  of  refraction  were  measured  on  the  Abbe  refrac- 
tcaneter  or  were  obtained  by  the  immersion  method  and  are  reproducible  to 
+ 0.001.  The  Mallard  method  was  used  in  the  detenci.nation  of  2^  and  2V  was 
calculated.  The  only  other  determinations  of  the  optical  properties  of  lepi- 
dollte  ^polymorphs  have  been  by  Hendricks  suad  Jefierson  (1939).  Their  results, 
thopgh  sceuity,  are  In  close  agreement  with  those  of  this  paper  and  are  pres> 
ented  below.  The  values  exre  averaiges  and  the  nunibers  In  parentheses  indicate 
the  number  of  publlaioed  measurements  used  in  calculating  the  averages. 

6-layer  lepldolite 

a * not  reported  p » not  reported  Y=  1.559  (3  ) 2V  = 32®  (3) 


a » 1.525  (1) 


a « 1.533  (1) 


5-}jiyer  hexagonal  lepldolite 
p = not  reported  Y = 1.558  (l) 


2V  = 0®  fl) 


1-layer  lepldolite 

not  reported  V-  1.559  (12  ) 2V  = hi®  (12) 


The  lepldolite  polymorphs  are  not  distinguishable  or.  the  basis  of 
optical  properties  alone i it  foJlows  therefore  that  their  general  chemistry 
cannot  be  deduced  from  the  optical  constants.  A trend  is  that  the  indices, 
and  particularly  2Y,  of  xhe  l-layer  pclyriiorr'i  tend  to  be  sligbvly  higher  than 
these  of  the  6-layer  polymorph,  but  the  overlap  is  cruau..  j^is  can  be  accounted^ 
for  by  the  optical  inactivity  of  the  Li-ion.  Although  variations  in  Li  content  j 
influence  the  layer  stacking  pattern,  changes  in  optical  constants  are  more 
sensitive  to  variations  in  Fe-^,Ti,Fe^  and  Mn,  both  in  muscovite  and  the  iepi-  | 
dolites.  The  indices  of  lepldolite  vary  within  books  (note  values  obtained 
from,  spec,  51^  and  ^52  in  Table  XXX vi  However,  the  indices  of  l.ithiaa  nu-j- 
covite  are  in  the  range  of  nortael  lepidoiites  whose  values  are  considerebly 
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Ti\BLE  XXXV 


IRDICE3  OF  HEFRAGTION  AND  OF  LFJ'IDOLITES 
LITHiy?  MUSCOVIO.S 


Specimen 

Niaaher 

Locality 

a 

P 

/ 

2V 

6-lfiynr  lepl4piite 

502 

Opportunity  Pegmatite, 

Ohio  City, 

Colorado 

1.531 

1.555 

1.56c- 

50“ 

514(2) 

Opportunity  Pegmatite, 

Ohio  City, 

Colorado 

1.531 

1.555 

1.557 

30' 

514(3') 

Opportunity  Pegmatite, 

Ohio  City, 

Colorado 

1.533 

1.555 

1.560 

530 

514(4) 

Opportunity  Pegmatite, 

Ohio  City, 

Colorado 

1.533 

1.557 

J.560 

55* 

514(5) 

Opportiinity  Pegmatite, 

Ohio  City, 

Colorado 

1.531 

1.555 

1.558 

-- 

514(6) 

Opportxmity  Pegmatite, 

Ohio  City, 

Colorado 

1.551 

1.553 

1.560 

55* 

505(b) 

Brown  Derby  Pegmatite, 

Ohio  ciT.y, 

Colorado 

1.530 

1.556 

1.560 

34“ 

967(a) 

Stewart  Pala,  Calif o.mla 

1.550 

1.552 

1.559 

55“ 

967(b) 

Stewart  Mine,  Pala,  California 

1.529 

1.554 

1.558 

34“ 

970(a) 

Stewart  Mine,  PeLLa,  California 

1.534 

1.555 

1.559 

452(a) 

Varutrask,  Sweden 

1.532 

1.556 

1.561 

53* 

‘^52ib) 

Varutrask,  Sweden 

1.555 

1.556 

■JL  • 

3^0 

452(c) 

Varutrask,  Sweden 

1.532 

i.552 

1.557 

57* 

5 -layer  hexagopa^-  lepidolite 

^9(f)  Pope  mining  claim.  Southern  Rhodesia 
^39(s)  Pope  mining  claim.  Southern  Rhodesia 

1-layer  lepidolite 


1.568  1.568  0" 

1.566  1.566  0* 


511^(k) 

464(h) 

471(h) 

476(b) 

476(c) 

535(c) 

539(a) 

539(b) 


Opportunity  Pegmatite,  Ohio  City,  Colorado 

- 

1.556 

1.558 

- 

Newry,  Maine 

1.556 

1.558 

50' 

South  Portland,  Main?, 

1.553 

1.560 

4l' 

Skulehoda,  Sweden 

- 

1.562 

1.564 

- 

Skulehoda,  Sweden 

- 

1.564 

1.566 

57' 

Dogon  Daji,  Nigeria 

- 

1.557 

1.562 

47' 

Pope  Mining  Claim,  Southern  Rhodesia 

- 

I.5& 

1.565 

58' 

Pops  Mining  Claim,  Southern  Rhodesia 

- 

1.562 

1.566 

57' 

G-iayer  lithisin  muic-oviti 


556(b) 

n 

Tordal,  Norway 

. 

i.555 

1.556 

34“ 

556(c) 

Tordal,  No2"rfay 

1.552 

1.554 

i.558 

5‘-- 

465 (<i) 

Newry,  Maine 

1..555 

1.555 

1.559 

■■:h  ’ 

».iTc  / X 
/ 

xncftxjr^  rictjuix^ 

■1 

— - 5?  5 

1 ; 561 

'3  7^ 

“ 

471(a) 

South  Portland,  Maine 

1.529 

1^551 

1^56 

32“ 

679(a) 

Usakos,  S.  W.  Africa 

1.554 

1.559 

1.566 

- 

Spec  iui'rus 

numbered  such  as  514(2) 

through  514(6),  or  452(a) 

Ci‘J 

,6 

452(e) 

repr- 

sen^  tneae 

urements  obtained  from  d 

Ifferent  flakea  in  the  same 

book. 
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"belcv  th03<?  of  novm&l  jr.vf--avite.  It  ia  v:;?.!  knovi.  cl-^at  iodieef-  are  very  senr-1- 
tive  to  a Biaall  aaount  of  certain  isomcrp-fcouB  eiiostltut-ions . Vainer :■  11 
showed  that  practically  all  lithta  micas  show  variations  of  the  indices  witn- 
in  single  flaicea  but.  aitriouted  the  phenGn..?na  to  olter  cau&SE. 
i 

t.  Variabiou  of  Color  with  Cons)03itrcn.  It  hat  heen  demcnstratecL 
I ‘-•.y  i;i=tiuica  xad  Levin^jon  (1955)  chat  the  rose  mutcovites  ove  their  color  to  j 

! thfc  eBsentl'ii  ahsenc';  of  Fe^  and  the  dominance  ^ f Mn  over  Fe^ . Under  such  j 

conditions  i'*  Is  possible  for  the  Mn  to  be  oxidized  to  the  higher  valence  j 
(Mr-^)  In  which  state  it  becomes  a powerful  pigmenting  agent,  even  though 
present  in  only  very  small  amounts.  They  state,  (p.  k6)t 

"In  lepidolites,  the  color  variations  also  ai*e  related  to  fluc- 
tuations in  the  Fe^fa  ratio.  The  role  of  Mr.  in  the  coloration 
of  iepilollte  has  been  stressed,  for  example,  by  Hintze,  l897 
8uad  by  Doelter,  191T-  As  stated  by  ShibatJi  (1952,  p.  l60), 
'Lepidolite  is  pink  or  violet,  which  is  due  to  the  color  of 
manganese.  Lepidolite  is  sometimes  colorless  when  It  is  poor 
in  MnO.  Lithium  is  not  a color  agent.,..'  Those  lepidolites 
that  cure  colorless  or  of  very  pale  cedora  xisually  have  Fe:Mn 
■■  1:1;  those  that  are  gray  ncrmally  have  Fe  > Mn,  whereas 
the  purple  lepidolites  contain  more  Mn  than  Fe." 

I 

In  our  work  we  have  been  able  to  confirm  the  abeve  conclusioiu 
in  greater  detail  on  the  basis  of  new  spectrochemical  analyses  of  lepidolites. 
Fresn  the  data  presented  in  Table  5£X\vT. XXXVII,  and  XXXVIII,  the  following 
generalizations  can  be  drawn: 

t 

Mn:Fe  (total  Fe)  j 

greater  than^  6;1  deep  shades  of  puiple  j 

between  Si  3:1  and  5:1  medium  shades  of  jjuiple  : 

between  Sl:l  €uid  5:1  colorless  to  pale  of 

pui*ple  ; 

between  ^1:1  and  2;i  co.lorless  to  gray  ('-'ht  re  ameun''.  ^ 

r f Fe  1g  less  tlrnn 

I 

Where  the  Fe  content  rises  much  al>o/e  1 percent,  it  apparen •: ly  j 

masks  the  effect  of  equal  cr  even  larger  amounts  of  Ibn  iiud  results  in  a 
brownish  color  (see  spec-lmens  1.1^43 >10i^.,9?0  in  Tablis  .XlXvII  and  XlOrirTl)., 

The  effect  of  small  aiuoiuits  of  'fi  seesiis  cou&iderabie  in  eiiaar;'.  '^i 

apparently  adds  a hrown  tint  in  specimens  No.  >04  and  Ko.  314  (Table  XXXVI ), 

Accurate  color  descriptions  of  lepidolites  as  veil  as  other  micas 
are  difficult  to  obtain.  Physical  factors  which  Influence  color  are  size  of  j 
I bocks,  Impvxltiee,  state  of  aggregation  and  grain  size.  The  colors  listed  in  i 
j Tableo  IITTIT.,  XXXVIf,  and  a.te  aa  acc’uratc  ue:  we  are  able  to  ascertain,  j 

The  8pechBiei.e  were-  ccwp-cred  -under  the  oaw  light  conditions.  It  ia  instructive! 

! 


ENGINEFRSNG  ^fcSEARCH  ir^5TITUTE 


U'^ilVERSfTY  OF  MICHIGAN 


to  ct^pai-e  oiir  coiox  'tescriptioca  vith  those  of  Stevens  (IQjS)  on,  hie  analysed 
micas  made  available  for  our  study  (Table  XXS7III).  It  vouid  also  be  ccm- 
struo~iv6  to  coeporg  the  variations  in  cbonlcal  ainalyBas  of  selected  oxides 
es  listed  in  ‘rahis  X2XVII, 


Bpectrocl-.emical  analyses  by  C.  E.  Harvey 


SP50IM5RS 


rCKVIII 

Ki5IATi;0!TSKIP  PETirrlEJS  COI-0?:  AND  COMPOSITION  IN  LEPlD-OLITEJSj  

IN  OUP  lABOPjJ.TCPY  for  WHICH  ANALYSES  ARE  RECORDET'  IN  TEE  LIIEPATUEE 


Number 

Locality 

fSib 

FeO  Pegi 

J3  --Q2 

Color 

Reference 

966 

Eamoiv.r 

ii.Oo 

,21* 

.02 

pink. 

Stevens  (1958) 
No.  15 

967 

Fals,  r‘c2xr. 

.04 

tr. 

medium 

purple 

do.  No.  5 

qao 

Ant  c ' li^'-icbet  0 

.72 

.12 

.05 

medium 

purple 

do.  No.  l6 

970 

?aia^  Calif. 

.52 

.16 

tr. 

very  pale 
purple 

do . No . 6 

971 

i-ssa  Grands 

.Ik 

.11 

■cr. 

pale 

purple 

do.  No..  7 

972 

Mesa  Grande 

.17 

.04 

tr. 

medium 

purple 

do.  No.  9 

975 

Mesa  Grande 

.61 

.07 

,01 

medium 

purple 

do.  No.  15 

975 

Pala,  Calif. 

.65 

.05 

tr. 

medium 

purple 

do.  No.  5 

977 

San  Diego  Co. 

,28 

.04 

tr. 

medium 

purple 

dc.  No,  4 

978 

¥.  Australia 

.76 

.25 

.06 

pale 

purple 

do.  No.  14 

990 

Usakos 

1.48 

0.00  2.54 

tr. 

pale 

brovh 

Jakob  (1927) 

10.16 

Kiiiij-to 

.75 

1.52  1.55 

0.00 

pale 

hrown 

Pehrman  (1945) 

1259 

^vleharitra 

.45 

.03 

— 

deep 

purple 

Kauguln  (192(B) 

1260 

Antson<40?!bato 

.24 

.52 

— 

colorless 

Mauguin  (1928B) 

*A11  Fe  io  reported  as  FeO  by  Stevens  (195^)  in  the  loicas  listed  in  this  table. 
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• II.  qccuhbek^l:  i 

' . , 

I j 

I ii'  i^O'flpefpaE'cite 

There  axe  vex^r-  few  aathentlcated  occurrencee  of  iepidolltes 
outside  of  pegmatites.  The  i^eaence  of  lepidolites  in  the  hydrothermal  con- 
tact fi.uireoie  of  granites  fcaa  been  suggested  by  Ksxier  (1932,  p.  123). 

LepidoXite  also  has  been  reported  from  a fev  granites,  aplltea, 
and  high  teagperature  veins  and  lodes,  particularly  those  containing  tin  emd 
tungsten  minerals.  That  these  micas  are  lithium-bearing  has  been  shown  in 
some  eases,  but  fev  have  been  demonstrated  to  be  lepidolites  in  condos  it  ion 
or  in  structure. 


B.  Pegmatite. 


1.  Localization.  In  pegmatites,  lepldolite  and  liihian  muscovltes 

occur  in; 


a.  Fracture-fillings,  not  imcommonly  vith  cleave landite, 
quartz,  and  tourmaline. 

b.  Replacement  bodies,  adso  commonly  with  quartz,  albits 
(incl.  cleavelandite ) , and  a variety  of  accessory  con- 
stituents . 


Some  investigators  believe  that  lepidolite  also  can  form  as  a 
inrlmary  constituent  of  inner  zones  (Cameron,  et  al.,  19^9,  p.  68),  but  the 
number  of  such  exajaplee,  even  if  they  are  truly  of  magmatic  origin,  is  doubt - 
ie»a  sm3rll  indeed. 

The  major  lepldolite  areas  of  the  world  are: 

Ihilted  States; 

Maine  - Black  Mtn,,  Rumford  and  Mt.  Micav  Paris,  Me, 

Colorado  - Brown  Derby,  Gunnison  County 
New  Meacico  - Harding  Mine,  T^os  County 
California  - Stewart  Mine,  Pala 
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Sou‘ti;G£j!'tsm  ’5::.^.;! ^ j 

« i 

Vacrutms'fe , Sveden  j 

I 

i 

E-..  -rns,  France 

Karibib,  South-vest  Africa 

i 

» 

Ptibara  area.  Western  Axistraiia 

Madagascar 

Portuguese  East  Africa 

Southern  Ehodesia 

2.  Maerostruetural  Features,  a.  Qaneral;  Within  indlvldvial  peg- 
oatites  the  gndn  slae  of  lepidolite  nay  vary  enomously:  although  usually 
within  a single  replacement  body,  the  grain  size  is  relatively  unifom.  The 
grain  size  of  lepidolite  ranges  from  microscopic,  which  results  in  megascopl- 
cally  maesivs  or  structureless  aggregates,  to  very  coarse  books,  10  to  12 
inches  across.  Some  of  these  larger  hooks  display  stnictural  defects  identical 
with  those  found  in  muscovlte-A,  herringbone,  wedge,  and  concentric  structiae. 
Mineral  InclTSBions  a3.so  may  be  common,  as  are  fract-ares  and  rulings.  Wavy  and 
rippled  books  are  very  caamon,  and  even  small  books  with  con^Jletely  flat  sheet* 
are  rare. 


j h.  Overgrowths : Overgrowths  of  lepidolite  on  muscovite  have  heen 

I found  in  pegmatites  at  several  localities.  The  lepidolite  commonly  has 
formed  as  a isarrow  rim  around  a broad  core  of  musccjvite.  The  contact  be- 
tween the  two  may  be  sharp  and  show  the  general  euhedral  crystal  outline  of 
the  muscovite  core,  or  it  may  be  irregular  and  appear  to  be  somewhat,  corroded. 
In  one  type  a naxroir  intermediate  band  of  lepidolite  in  parallel  position  and 
havlrg  a cenmnan  basal  cleavage  plane  with  the  m>oscovlte  is  found  in  direct 
contact  with  the  noiscovite  and  a third  zone  of  granular  lepidolite  forms  the 
extreme  margin  of  the  crystal.  This  latter  type  of  lepidolite  is  highly 
twinned  in  tiny  rhombic  units.  In  a few  cases  pink  iibvous  mviscovii-.e  cuat^r. 
the  exterior  of  the  crystal  (Bowman,  iS^2). 

Under  the  microscope,  t?ae  twinned  lepidolite  aggregate  does  ncu 
extinguisii  as  a unit.  Because  of  tru;  saall  size  of  the  lepidolite  units 
it  is  almost  is^ossible  to  obtain  the  relationship  of  percussion  figures  and 
optic  planes  between  the  two  species  near  the  boundary . However,  three 
successfil  determinations  were  made  that  show  the  optic  planes  of  the  two 
species  to  be  either  pai-allel  or  et  an  ar.gle  of  50*.  The  results  of  a st’udy 
of  a group  of  specimens  of  lepidolite  overgrown  on  muscovite  are  given  in 
the  following  list: 
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Speeiaen  So. 

Location 

klT 

flight  Mile  Park, 
Coiorad-O 

k6l 

.^ubun.  'Tiine 

467 

Topsham,  )te.ine 

468 

Topsham,  Maine 

469 

Topsham,  Maine 

470 

Tcipshas,  Maine 

539 

Southin'  lihodesia 

651 

Auburn,  Maine 

w 652  ~ 

Auburn,  Maine 

656 

Auburn,  Maine 

713 

Topsham,  I^alne 

717 

Ai'l'iU'r.,  ’’Saine 

Noxes 

grrjsular  lepi(3oli.te  riir-.  s~  ■ . I'-ir: 

lx.' .•'■■’ arj- 

: .i'.xls -crystal  lepidclite  rxir.y 
ixxcn  basal  elsavacic,  bfsrrder 
: rrfcguiar  and  corroded,  Coptic 
plaxiea  paradlel 

granular  lepidolite  rim,  b'oundary 
straight  in  some  sections  and 
corroded  in  others 
granular  lepidolite  rim,  boundary 
corroded 

granular  lepidolite  rim,  boundary 
corroded 

granulai*  lepidolite  rim,  boucdary 
corroded 

broad  sheet  of  oinscovlte  with  inner 
rim  of  uniaxial  muscovite  and  outer 
rim  of  biaxial  lepidolite,  all  three 
zones  have  common  cleavage,  optic 
plEnea  at  50*“ 
gr'',r..r  i'lT  lepidolite  rim 
6 ingle -crystal  lepidolite  rim, 
boundary  straight,  common  basal 
clea'/age 

single-crystal  rim  of  lepidolite, 
hoxindary  straight,  common  basal 
cleavage,  optic  planes  at  angle 
of  50“ 

muscovite  core,  thin  rim  of  single 
crystal  lepidolite,  outside  rim 
of  gran\zlar  lepidolite,  boundaries 
corroded,  muscovite  and  thin  ri.<a  of 
lepidolite  have  common  cleavage 
granular  lepidolite  rim,  ccivoded 
boundaiy 


Reports  of  ove .’growths  from  Maine  have  beer,  made  by  Clarke  (l888), 

1 oi  1 «ar>^  E.uuj’lsu’jr  • 1 '^15  ^ ? Uveriyrowths 


eiuu.  ITilXekCU'i  4.rcw9v^44 

bave  been  found  at  Paris,  Aubuivi,  Mount  Apatite,  and  Minot.  Generally,  the 
lepidolite  Is  fihroxis  or  granular  around  a core  of  muscovite.  A few  occur- 
rences  of  crystallograpMcaj.ly  continuous  lepidolite  on  muscovite  have  been 
reported  from  the  Wade  and  Pulsifer  ges  quarries,  Androscoggin  County,  Maine. 
One  dlao!ond-8hax>ed  hook  of  muscovite  a foot  across  with  a border  zone  of 
lepidolite  k inches  wide  was  found  there. 


f-Ky’Ubtmm  !N$r?TUl 
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Tha  ocfJLu  renci.*5  at  Kaddsss  I?ecA,  Connecticut,  iaeve  been  Btudied 
by  Bovraan  Cl9C£)  and  Sterre'ot  (i9?’'»).  The  coluasnar  ndca  crystals  occur  with 
sjcaoky  , alhitep  m.icrocilriej  cooVeite,  and  tourmaline.  The  outer 

3i.irface  of  the  idica  crystals  n.^.s  'A  fibrous  appearance  caused  by  a thin 
ia^er  of  fibroiu!  pink  jauecc^'ite  , Tne  fibers  are  parallel  the  long  axis 
of  the  crystal.  Cleavage  in  tha  f ibex's  is  perpendicular  to  their  long  axis.  j 
The  lilac  lepidolite  surroundi;  a rLoahic:  or  hexagonal  core  of  green-vhite 
muBCOVlte.  All  three  zones  have  a continuous  cleavage.  Under  the  microscope, 
the  lepidolite  does  not  extinguish  conpletely  because  of  the  svgperposition  of 
layers  of  material  In  twin  position. 


Jahns  and  Wright  (1951)  report  lepidolite  rims  fringing  a green  core 
of  muscrovite.  The  two  micas  are  crystallographically  continuous  end  have  a 
common  basal  cleavage.  Heinrich  (19^)  has  observed  similar  overgrowths  in 
the  Meyers  Oparry  pegmatite..  i?ight  Mile  Park,  Colorado. 


A regular  overgrowth  of  lepidolite  on  muscovite  has  been  reported 
by  Scharlzer  (l886,  l887B)from  Schuttenhofen,  Germany.  A rhombic  core  of 
muscovite  is  surrounded  by  a broad,  crystallographical  continuous  rim  of  pink 
lepidolite.  Three  separate  irregular  units  were  foimd  in  one  specimen.  In 
two  of  these  units  the  optic  plane  is  normal  to  the  optic  plane  of  the  mus- 
covite; in  the  third  unit,  the  optic  plane  makes  an  angle  of  50®  with  the 
optic  plane  of  the  aniscovlte. 

Pehrman  (1545)  has  described  an  Interesting  and  rather  coaplex 
overgrowth  relationship  between  muscovite  and  lepidolite  among  the  micas 
from  Klmito,  Finland.  Several  zones  of  lepidolite  are  involved. 


Overgrowths  of  lepidolite  on  biotite  are  rare  and  have  been  re- 
ported from  only  a few  localities;  no  reports  of  optical  relationships  have 
been  found.  landes  (1525)  describes  a 6-mn-wide  zone  of  lepidolite  around 
biotite  plates  from  gneiss  xenolitbs  in  the  granite  pegmatites  of  central 
Maine.  He  attributes  the  lepidolite  to  reaction  between  the  biotite  xenolitbs 
and  the  llthie-ricb  magma. 

Clarke  (l888)  reports  an  o-v-ergrowth  from  Gape  Ann,  MassachusettB , 
in  which  a crystal  of  black  lepidomelane  Is  surrounded  in  part  by  a border 
of  sms.ll  crystals  of  a "dark  greenish-black  lithia  mica,  presumably  ciyO' 
pfaylllte".  Analyses  of  the  two  micas  are  as  follows: 

Border  Core 

Granular  Ciyophyllite  Lepidomeleme 


SiOg 

52.17 

51.69 

AlgO 

16.59 

11.95 

FeO 

4.11 

8.o6 

6.08 

50.35 

MnO 

0.32 

0.21 

J 
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CaO 

0.25 

Mge 

0.05 

Li^O 

Trace 

Na^O 

p ^r- 

1^54 

%-  iS 

8.46 

4.25 

F 

T.02 

ITace 

TiOg 

5.42 

2.*  ComipoBltloiaal  Variatiou  in  Individual  PegaatltcB  and  PistriclB . 
Ta'ble  3QQCIX  lists  five  nev  analyses  oi  paragenetlcally  distinct  lepldolltes 
from  the  Brown  Derby  pegpnatite,  Gunnison  County,  Colorado.  Despite  the  fact 
that  they  differ  Bourkedly  in  grain  size,  texture,  sisBoclatlon  and  somewhat 
5n  color,  the  eco^sltional  differences  are  relatively  small.  The  major 
differences  occur  In  Mn,Na,H^+  and  Fj  minor  ir  Li.  Ai^-iilyses  7 and  10  arf; 
by  tvo  other  anedysts  of  our  l^idolite  504. 

Table  XL  lists  new  spectrochemical  analyses  of  'ftvee  lepidoli'Ges  | 
and  one  llthlan  muscovite  from  Newry>  Maine;  again  the  principle  dlfferencw^o  j 
are  In  Mn,Na,F  and  Rb.  ! 

Table  XLI  lists  reanalyses  of  lepidolites  from  the  Varutrask  peg- 
matite. Sweden,  analyzed  by  Berggren;  the  agreement  between  the  two  sets  of 
results  is  good. 

In  Table  XLIl  are  reported  three  analyses  of  lepidolites  from  two 
other  pegmatites  in  the  same  district  as  the  Brown  Derby.  Nusbcr^  5l4a  and 
5l4b,  from  the  same  crystal,  differ  considerably  from  one  another  (notice 
MnO  content)  and  also  from  500,  as  well  as  from  the  Brown  Derby  lepidolites 
(Table  XXXIX).  Thus  it  appears  that  paragenetically  distinct  lepidolitti^  lii&y 
differ  cojQsldearably  in  conposltlon  or  in  other  cases  they  may  be  rather 
similar. 
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E20- 

F 
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T^.:...u.  XXXIX 


ANALYSES  ':?  LSPIDOLITSS  FfcIM  BIKBY  PEGMATITE, 

GURNI30N  GOUini,  CCIC’-AI'I 


Specimen  V. •:■'■■  •* 


i*9.97 

27.^6 


51.99 

23.59 


504 

49.88 

24.04 


ZISIZ 

54.82 

23.79 


511 

50.50 

26.54 


49.58 
23  87 


*No8,  499i  503  ; 504,  508,  51i»  AnaJ.yct;  E»  L.  Craig,  Electrotechnical 
Laborator;/’v  U.  S.  Bureau  of  Miuefi,  Norr'?t,  Tenn.j  BaO,  Sn02>  and  SrO 
determined  spectrochemlcally  by  C.  E..  Harvsy, 

No.  7.  B.  E.  Stevens,  Am.  Mineral.,  23,  P-  6X5  (1938). 

No.  10.  A..  N.  wincheU,  Am.  Mineral,,  ?7,  115  (1942). 

16; 


10  I 

inr  ji. . f 

49.19 

24.81 


.01 

.02 

.C8 

.01 

.02 

0 , 06 

0.08 

.02 

.02 
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5l4a;  Untwinned,  wel3,-develop3<i  portions  of  lepidolite  crystal 
Opportunity  pegmatite,  Gunnison  Co.,  Cclorado. 


5l4b:  Twinned,  poorly  developed  portions  of  same  boolt  as  51^a. 

500:  Bazooka  pegmatite,  Gunnison  Co.,  Colorado. 
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PAET  rv.  PELOGOPITE 


I . MIN3RALOGT 


A.  Ccmpoeltlcgi 

1.  General . In  phlogopite,  K2(Mg,Fe)g(SigAl2)02o(OH)ij.,  Na  can 
substitute  for  K up  to  nearly  K:Na  = 1:1  (Harada,  1936  eiM  fislnrich,  19*»6); 

also  minor  Bb,Cs  and  Ba  for  E.  Fe2  is  almost  always  present  but  Mg  predani- 
nates.  Fe^,Mn,  and  Ti  usually  present  in  small  amounts.  The  Si:  tetrahedral 

A1  ratio  varies  somewhat  and  may  be  larger  than  6:2.  Heinrich  (19^6)  has 
shown  the  relationship  between  composition  and  geologic  occurrence.  Synthetic 
phlogoplte  is  characterized  by  F In  place  of  (OH).  Maaganophyliite  may  be 
classed  as  phlogopite  normally  with  Mg>Mn>Fe  and  in  seme  types  with  some  Fe5 
and  Nh5  as  veli> 

■ A complete  series  exists  between  phlogopite  and  biotite.  There  is 

no  well-defined,  natural,  compositional  boundary  between  ferroan  pjhlogopite 
emd  magnesian  biotite.  If  a division  is  required,  we  suggest  that  where  the 
ratio  of  Mg:Fe>h:2  the  mineral  should  be  classed  as  phlogopite. 

Prlder  (19^0)  reports  a phlogopite  frem  a phlogopite-leucite-lamp- 
roice  from  Western  Australia  which  contains  8.97  percent  TIO^.  The  formula 
based  on  the  analysis  is: 

(K,Ka,Ba,Ca)2.o6(*<S»^'‘^^»^®^»Ti)5 .84(Si>Al,Ti,  )3^QQ02o(OK,i’j2 .1^ 

Prlder  (19^0)  notes  that  the  low  (0H,F)  content  is  parobably  not  due 
to  loss  of  volatiles  during  crystallization  at  shallow  depths  a'.'-i  Implies  that 
the  mineral  may  have  formed  from  an  extremely  'dry’  magEa.  He  ai;;-. 
that  other  comparable  micas  with  high  Ti  iiave  low  hydroxyl  content.  Tetra- 
hedral positions  are  occupied  by  0.13  atoms  of  Ti,  as  Si  and  A1  alone  ar® 
Insiifficierit  to  fill  these  positions;  0.84  stems  of  Ti  occupy  octahedral 
positions.  A rlGCUDsion  of  the  role  of  Ti  In  the  mica  structure  is  presented 
under  biotite  chemistry. 


2.  Mahadev ite . It  has  been  entabllshed  that  no  complete  series 
(solid  solution)  exists  between  muscovite  and  either  phlogopite  or  biotite. 
In  considering  these  types  of  micas,  Winchell's  (1925,  19^7*  etc.)  class' - 
ficatlon  of  heptaphylllte  and  octophylllte  is  correct,  Bamaseahan  (1945) 
and  Venkayya  (194-9)  i however,  have  described  a mice  for  which  they  propose 
the  new  species  name  BwJiadfivlte , which  they  believe  to  be  intenaediete 


i 
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betveen  muscovite  ".rd.  pliiopoplte . -Thtc  corr.iuoion  is  uas-J  IcLU  ciieiuicai 

and  optics!  data.  They  note  that  the  high  MgO  content  (13  to  I7  percent) 
ellaiinatea  the  possibility  of  thf;  aic«.  being  nruscovita,  vhereae  the  high 
AlpO^  content  (27  to  50  percent)  eliminates  phlogoplts.  Tne  formula  for  this 
mica  according  to  Hey  (jJ?50)  1b  near  (K,Na)o.97(Al,Fe,Mg)2.66.(SlAl)l|(0, 0:^12. 
By  means  of  percussion  figures  the  optic  plar.e  was  determined  as  being  per- 
pendicular to  (010).  (We  have  foiond  this  procedm'e  unreliable). 

Through  the  courtesy  of  Dr.  H.  3.  Yoder  we  have  been  fortunate  in 
obtaining  a small  amount  of  sanadevite  for  X-ray  study.  Fraoii.i)-,  1-  emd  . 
Rrlevel  a-azl8  VelBSenberg  photograph  ve  find  that  this  mica  has  czTBtalllzed 
as  -tile  l-lay»r  nonocllnic  polymorph,  with  intensities  similar  to  thoee  of 
other  phlogopltes.  Ve  clLbo  found  the  optic  plane  to  be  paredlel  with  (010), 
as  is  natural  with  1- layer  micas, ' and  27  to  be  smaller  (<5“)  than' the,  y^ue 
( approx Imately  14**)  indicated  by  Bamabeshan  (1945)  and  Venlcayya'  (19^1^)  . The 
physical  appeiirance  of  the  specimen  is  that  of  a typical  phlogoplte  and  there 
is  no  Interlayered  9AI6C07  ite  to  account  for  the  high  AloO^  content  reported. 

Our  conclusion  is  that  inahadevite  is  probably  em  Al-rlch,  Mg-,  Fe^- 
poor  phlogoplte,  close  to  Winchell's  (1955)  end-member  eastonlte,  K2(Mg^l) 
(SljAl^) 020(01)4. 


B.  Structure-  . 


1.  Polymorphlam.  Hsndriclis  and  Jefferson  (1939)  report  phlogoplte 
aa  occuring  in  5 polymorphs:  the  1-  and  2-la3fer  octophylllte  monoclinic, 

emd  the  3 -layer  hexagonal  polymorphs . This  la  the  only  X-ray  study  of  poly- 
morphism in  phlogopltes  reported  in  the  literature. 


The  static tvjre 8 of  approximately  60  phlogoplte  crystals  free:  about 
50  different  specimens  (28  chemically  analyzed)  were  determined  by  means  of 
the  Weleaenberg  method.  All  but  five  have  crystallized  with  the  1-layor  mono- 
clinic  structure.  Of  those  five,  three  have  crystallized  as  the  2-layer 
monoclinlc  polymorph,  wbsreaa  the  remaining  two  have  crystallized  with  3-layer 
hexagonal  structure  (Table  XLIII) . 
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TABLE  XLIII 

2-  iJi?:  z-lAjm  HILOGCPITSS 


Number 

Location 

Reference 

Structure 

1062 

(a  and  b) 

Malagascar 

Jakob  emd  Farga -Feudal 
(1952)  No.  65 

2- layer  monociinic 

1064 

(a  and  b) 

Madagascar 

Jakob  and  Parga-Fondal 
(1952)  No.  65 

2- layer  monociinic 

1261 

(b  euid  c) 

Madagascar 

Mauguln  (I928B) 

5-layer  hexagonal 

1220  (a) 

Hull,  G.uebec 

Not  analyzed 

2-layer  monociinic 

1227  (a) 

Labells  Cc., 
Qiiebec 

Not  analyzed 

5-layer  hexagonal 

it  Is  notewGTthy  that  three  of  the  above  speciwens  are  froni  Mada- 
gfiScar^  but  that  at  least  four  other  specimens  of  Madagaseax  phlogoplte  have 
cr,f0talHi;ed  vlth  the  common  l-lt.ver  monociinic  stnacture.  A third  crystal 
obtained,  froa  the  material  suppl.ted  by  I^ofeesor  Mauguin  (No.  1261  (a))  iiaa 
crystallized  as  the  1-leyer  monociinic  fora;  there  probably  is  little  differ- 
; once  in  the  composition  of  tbeso  several  crystals  from  the  same  specimen.  Thi 
I Bpftcijaer.s  of  fc;oi>'n  conpc6lt.'ct.  that  have  crystallised  as  the  2-  and. 

> fovxaa  do  not  appear  to  be  cfceraliell.y  sl>err8r.t.  In,  fact,  the  compos  it  ions  of 

■ii.i  The  Madagascar  varieties  are  practically  identical. 

A few  of  the  phlogcpite  patterns  show  diffuse  scattering  of  varying 
intensity , «o  coiTeiatlcn  of  diffuae  scattering  with  polymorphism  or  chem- 
istry was  obtaliitd . 

These  findings  are  in  qualitative  agreement  vlth  thrme  of  ]fondrich5 
and  Jefferson  (1559).'  who  found  14  phlogopltes  with  the  1-layer  monociinic 
structure  and  one  each  with  the  2-  and  5-layer  forms.  No  new  polymor^s  of 
j phlogoplte  have  been  found  in  our  investigations.  Crystals  reported  by 
I Pierucclnl  (1950)  to  be  trlcilnlc  on  the  basis  of  ganiometflc  meaeureittsntB 
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! were  Isolated  from  a epecimen  supplied  toy  him.  Weiesentoerg  photographs  j 

i ioaicste  that  the  Btructui.e  i.5  the  conmon  1-layar  moroclinlc  fcrm.  Ec".re-?,’er.  i 

i iroK  personal  cnmnmnic&tio£L  with  Professor  Pieriiocinl  we  learn  that  two  j 

j .lldti.nct  •varletiee  of  phlogcpite  are  to  toe  found  in  hie  specimens.  It  ia  j 

j poaeitole^,  therefore,  that  we  did  net  X-ray  the  crystals  he  toelieves  to  I 

triclinic . 

2.  Relation  of  Structure  to  Composition.  An  attempt  was  made  to 
cori*elate  chemistry,  polymorphism  emd  paragenesis  in  the  dark-colored  micas. 

In  all,  approximately  60  analyzed  biotites,  phlogopites,  and  mangano3>hy Hites 
with  varying  ccaipoaitionfl  and  different  paragenesis  were  X-rayed.  The  resultsj 
incorporated  in  Tatole  XLI7,  iniicates  that  there  ia  no  evident  relationship 
tootween  chemistry,  polymorphism  and  paragenesis  among  the  dark-colored  micas. 
Furthermore,  the  fact  that  the  three  different  repcarbed  polymorphic  modifica- 
tions found  in  phlogopites  as  a whole  are  found  in  the  Madagascar  phlogopites 
apparently  rules  out  the  possltolllty  of  temperature  or  pressure  as  a loajor 
factor;  undoubtedly  the  conditions  of  formation  were  fairly  uniform  for  these 
very  similar  micas. 

£„  Optical  Pi’operties 


The  refractive  Indices  for  ^logopite  are: 


a = 1.530  - 1.573 

0 = 1.557  - 1.617 

Y = 1.558  - 1.618 

a/^c  = = 


}(-ct  = 0.028  - 0.0^9 

27  = 0“  - 12"  (negative) 
rcr  weak  to  distinct 
h,  Ya&  = 0"  - 5“ 


Optic  plane  parallel  with  (010)  generally;  only  in  2-layer  forms 
(which  are  rare)  le  it  perpendicular  to  (010). 


j In  a few  rare  types  2V  rnty  toe  sonewhat  larger  than  the  above  indicated  range. 
I The  iadicea  and  blrofrirgences  increa8«2  with  end  Mn,  tout  change  more 
j rs,pldlj  for  similar  increments  of  Ti  and  Fe>.  Some  phlogopites  with  much 
I Ti  c-r  Ti  plue  have  indices  as  hlg^  as  a = 1.599,  If  = 1.6k3. 


Phlogopites  vary  in  color  from  colorless  to  nearly  black  or  brownish- 
black  in  hand  specimen.  In  thin  slices  many  of  them  are  normally  colorless, 
pale  yellow,  oTiaige,  buff  or  light  reddish  brown.  The  depth  of  the  color 
increases  with  an  increase  of  Fe^  over  Mg  and  peurticularly  with  increasing 
I'e3  and  Ti.  The  latter  probably  is  responsible  for  the  reddish  tints  'that 
sane  jdilcgoplteB  display. 
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D.  Inclusions 


Much  phlogcpite  contains  aic"'.'-  'Ic  needles  of  "•itilo  as  inclusions 
oriented  along  the  principal  cr;;  ^rn-.ic  dircections  . ..  .ese  inclusions 

are  the  cause  of  the  well  known  aster  lea',  of  jbJ.ogopite.  They  appear  to  have 
formed  as  the  result  of  exsolution  similar  to  much  of  the  oriented  hematite 
in  muscovite.  The  distribution  of  the  inclusions  is  not  always  uniform,  but 
may  be  zonal.  Zones  with  abundant  inclusions  may  alternate  with  inclusion- 
free  zones. 


B . Zonina 


Phlogopites  show  both  color  and  inclusion  zoning  commonly.  Sane 
examples  include  the  following. 


Orcel  (1926)  described  a peculiar  green  phlogopite  fron  Snake  Creek, 
Utah,  that  displays  oscillatory  color  zoning.  A specimen  in  our  mica  collec- 
tion shows  alternating  li^t-  and  dark- green  zones.  The  dominant  portion  of 
the  inreguleur  crystal  is  a light  yellowish-green  with  fine  darker-green  beuids 
parallel  with  the  prism  and  cllnoplnacoid.  There  are  minor  reeves  normal  to 
the  color  bands.  Optical  properties  are  as  follows. 


Orcel 


This  He port 


np  = 1.5529 


ng  = 1.591c 


a = 1.552 
P = 1.592 
i = 1.595 


uniaxial 


Both  zones  have  essentially  the  same  optical  properties. 


A spectrochemical  analysis  of  a specimen  of  the  light -green  material 
in  our  collections  from  the  Snake  Creek  locality  is  presented  in  Table  XLV. 


Larsen  (19^+1)  reports  color-zoned  p.hJLogoplte  e.r  hyd_rothermal  origin 
associated  w'fh  aeglrine  and  sodlc  amphlbole  :ln.  contact -jiff-t, emorphosed  lime- 
stone at  Iron  Hill,  Colorado.  The  micas  vary  moderately  in  refractive  indices. 
They  cire  stro:Tgly  zoned  with  a pale-brown,  or  coBffionl.y  a green  core,  and  one 
or  more  outer  zones  that  vjs.y  be  lighter  or  darker  than  the  core.  Seme  of  the 
out,  ’ zones  have  pleochro:.eiu  which  is  the  reverse  of  that  normal  in  phlogopite. 
Larsen  gives  the  following  optical  data; 
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S'^clff.en  IT>  -■  ? 


ccare:  Ct  = 1.576  5 - ’..61.5  ^ = 1 6T.5 

pieo;  '^''-caE 

Cs  lieRrly  color  le so ; 5 tnc^l  faiat  'brc.  -ii 

Istenoedlate  zone:  a = 1.57^  ? = .1.615  / ■'  1 614 

pleochroiam 

a deep  chestnut  hrown,  p ant  ^ near  ly  co?  o^le::■^^ 

outer  zone: 
pleochrolem 

a deep  chestnut  hrown,  0 and  T naai'ly  colorless 

Generally,  the  Indices  of  refraction  are  the  same  for  the  different  zones,  hut 
the  azlal  angle  may  he  a little  larger  in  the  outer  zones. 


A phlogoplte  (1369)  froQ  Thorne  Township,  Quebec,  Canada,  shows  foxir 
concentric  color  zones.  The  specimen  varies  in  color  frc»n  a deep  red-hrown 
at  the  core  to  a ll£^t  gr'een-brown  at  the  margin.  The  boundaries  between  zones 
become  sharper  toward  the  core.  Optical  data  for  each  zone  eire  as  follows. 


Zone 

a 

& 

X 

Color 

1 

(core) 

1.575 

1.622 

1.622 

r-  2' 

deep  red-brown  with  many 
rutile  inclusions 

2 

1.575 

1.622 

1.622 

1 ® C ^ 

deep  red-brown  with  no 
Inclusians 

3 

1,568 

1.611 

1.611 

0“ 

red -brown,  inclusion  free 

4 

(margin) 

1.559 

1.599 

1.599 

0“ 

green-brown 

From  margin  to  core,  each  zone  shows  a progressive  Increase  In  in- 
dices emd  size  of  the  oprtlc  angle. 

Another  phlogoplte  (I57O),  an  irregularly  shaped  sheet  frcm  an 
unlmown  Canadian  locality  has  a parallel  arraa^j3.^ant  of  light -brown  inclusicn- 
free  zones  alternating  with  darker-  brown  zones  containing  numercus  inclusl-ons 
of  rutile.  Both  zones  are  aaeentiaily  uni ai,  Itje  inrlaalon-free  zorass 
show  no  asterlem  and  yield  a sharp  figure,  whereas  the  zones  bearing  incluBiouo 
show  strong  aaterlsm  and  yield  an  extremely  diffuse  figure.  Indices  of 
refraction  for  each  zone  are: 

Clear  zones  1.541 

Zones  bearing  inclusions  1.5^^ 
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1.570 

1 .578 
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j Iwc  analyses  Kcire  made  of  a zoned;  amber-colored  phlogopite  (iljl; 

j from  Pert.'a^  Gi'lsrio,  one  frcsn  tbe  core  of  the  sheet,  the  other  frcm  the  rizr. 
j (Tcvbie  XI-Tly  . ‘fhere  is  a idiight  difference  in  Fe,  none  in  Ti,  a distinct 
difference  f . F 

Ni£»iero^.s  specimens  of  Canadian  phlogopite  available  to  i'_.  display 
color  zones.  Generally,  the  optical  properties  of  the  different  zones  in  a 
single  crystal  are  essentially  the  same.  Wherever  a variation  was  noted,  the 
darker-colored  zones  or  zones  of  inclusion  have  higher  indices  of  refraction 
and.  a leurger  optic  angle.  More  specimens  of  phlogopite  tend  to  be  darker 


toward  the  center  and  lighter  toward  the  rim  than  the  converse. 


umi?.iu 
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PiJ-ogcpite  or  phlogopltic  "biotite  occurs  In  ultramaf  Ic  ign&cuM  rocha,  i 
particularly  kljaberlltes.  It  also  forma  as  a secondary  constituent  in  many  j 
other  types  of  peridotites,  prohahly  largely  through  autcmetaaomatlem  or 
hydrothermal  metamorphiasR . Phlogopite  also  is  a primary  conotltuent  of  cer- 
tain lamprophyres^  mafic  and  ultramafic  potassic  rocks,  and  a few  rare  ex- 
trusive types. 

In  metamorphic  rocks  phlogopite  is  formed  In  marbles  or  Mg-silicate 
gneisses  by  the  regional  metamorphism  or  contact  metamorphism  of  argillaceous 
dolonites,  ccr  Impuz'o  aa^cesien  limestones.  If  the  phlogopite  contains  abundant 
F,  metaGomatism  is  generally  Indicated  as  a means  of  introducing  that  element. 
Howove*-.  not  all  jhlogopites  contain  fluorine  and  the  mica  may  form  without 
additlcas  to  the  system,  if  sufficient  water  is  available.  Phlogopite  marbles 
are  considered  to  belong  to  the  amphibolite  facies.  Phlogopitea  occur  also 
in  various  skams  in  whose  formation  metasomatiBm  has  been  Important. 

B.  Pegaatitlc  and  Vein  Occurrences 

Phlogopite  deposits  occia:  as  veins  consisting  chiefly  of  phlogopite, 
apatite  and  calclte  in  pegmatite  and  pyroxenlte  in  southern  Quebec  and  eastern 
Onteurio.  Scapolite,  actlno.lite,  diopside  and  many  rarer  minerals  occur  as 
accessory  constltrents.  Tb,e  veins  and  concentrations  occxir  in  or  adjacent 
to  masses  of  pyroxenlte  th/it  have  been  Intrxided  by  bodies  of  granitic,  mlcro- 
cllns-rich  pegnatlte.  Lardes  (1938)  believes  that  the  deposits  were  formed 
from  the  hydrothermal  phases  of  granitic  peg^tltes  markedly  contaminated  at 
depth  by  dolcmltlc  Hoe  stone. 


Analagous  depcslts  occur  in  Madagascar  in  pyrcxenite  but  here  apatite 
Is  not  abundant  (Ssvomin,  193^). 


1 Other  ■ :'  .u  ^ ^logopite,  calclte,  apatite,  pyroxenlte,  and 

! ciiopaide  transect  Impur..'  Karlles,  amphibole  schists,  and  amphlboiiT/es  in  the  i 

j oujudjahka  region  of  the  U3SK  where  these  rocks  have  been  intruded  by  pegma- 
I tltes  euid  granite  dikes  (CJlnsburg,  I930). 
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G-iirCPHYLLITE 


A . Liitrod'jct  ioa 

Mangaxiophj'llite  wes  first  described  bj  Igelstrom  (I872),  hia  specimen 
having  cc<me  frciu  v.he  iron  and  man/i^inese  mines  at  Pajsberg  near  Fillpstadt  in 
Sveden:  "The  manganophyillte  ie  accordingly  the  mangemese-rich  mica.  The  one 

known  up  to  now  la  placed  near  phlogoplte  or  biotite.  Perhaps  one  can  take 
it  for  f.  manganese-ricli  biotite."  Dana  (I892)  states:  "In  ccmposition  man- 

ganophyilite  is  a manganesJaji  biotite,  hut  varying  widely  in  the  relative 
eusoxuats  of  manganese  and  other  elements." 


7i . Structure 


The  only  X-ray  work  reported  in  the  llteratvire  on  manganophylllte 
hau  been  that  of  Hendricks  and  Jefferson  (1959)  • They  report  a manganophylllte 
fx/om  Pajsberg,  Sweden  with  a 2-layer  monoclinic  structure.  We  have  found 
that  all  the  Svxedish  "ianganopbylliteB  described  by  Jakob  (1925A)havs  the 
1-layer  monoclinic  etiucture.  A specimen  from  Franklin,  N.  J.  (No.  1358) 
has  a 2-laycr  stnirture,  however.  Tne  Swedish  manganophyllltes  thet  have  a 
very  small  2V  (par . l;:’jlarly  Jakob,  1925A)No.  1 and  5)  appear  to  approach  the 
3-layer  hexagonal  structure  owing  to  an  intimate  "twinning"  of  thin  sheets 
similar  to  that  described  for  uniaxial  lepidolites.  The  chemical  analyses  of 
these  micas  show  no  correlation  between  composition  and  polymorphism.  >ton- 
ganophyllites  with  the  1-layer  form  show  extreme  ranges  in  the  Fe  and  Mn 
(for  example,  Fe203  = 0.00  to  l6.9^  percent;  see  also  Table  XLIV) . Jakob 

(I923A) reports  most  of  the  manganese  in  these  micas  as  Mn203. 

C . Ccmposltion 

The  general  formula  fca:  manganophylllte  can  be  written  as  follows: 
K2(Mg5-4>Mn2-l,Fe5o..o.5,Fe5o_iMn5o_i)(Si6Al2)02o(OH)k 
with  a total  of  6 atoms  in  octahedral  positions. 

other  possible  iscancrphous  substitutions  are  minor  Na.  Ca,  and  Bo 
for  X;  and  minor  T1  for  Si  in  tetrahedral  positions  or  more  orobably  in  octa- 
hedral positions  for  Mg,Mn,.  or  Fe5. 

In  biotites  small  amounts  o.’  !>ui  are  associated  Alther  with  high 
ferric  or  ferrous  Iro-a.  Some  man^inophyllitea  contain  both  Mn2  ft:, -A  Mn^, 
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others  ha've  only  MnS^  and  ;ln  a few  the  asanganess  is  cliief  ly  dii’-fc.l^nt , i*ari~  i 
ganophyll  itea  are  lew  In  iron  and  have  e naximum  of  about  l8 

MnsOj.  irhlogopitea  on  the  other  hand  have  about  a ffias.lmua  of  :>0  percent  %0  i 
and  Ic.as  than  10  percent  Fe  and  FegOj  c cabined.  | 

i 

SoBie  invaatlgatura  class  njanganophyllite  as  a variety  of  biotite^  j 
but  owing  to  anall  amounts  of  Fe2  and  leorge  quantities  of  Kg,  most  man-  j 
ganophyliite  should  be  classed,  as  manganian  phJ.ogoplte- . ; 

! 

I 

D . Optica 

a = - 1.5T5  y-  a = 0.024  - C.o4o 

e = 1,531  - 1.636  25'’  ^ 0'  - 3';'^ 

Y = 1.581  - 1.656 

There  appears  to  be  no  generalization  which  accurately  represents  the  relation- 
ship between  indices  and  other  optical  properties  with  compos it ion.  For 
example,  Jakob's  (I925A) analysis  No.  8 with  16,54  percent  FegOj  has  the  hlghost 
indices  of  any  of  his  manganophyllites.  Howe\n:r,  Jakob's  analysis  No.  6 
has  ii^icee  approximately  0.05  lower  and  conta.lna  only  3-9?  percent  FsoOt  . ! 

i 

The  y indices  of  a few  manganophy  11  lie s were  plotted  a^R-Snet  l/P 

(Mn203  or  MnO)  + 2(Pe205  + TiO^)  by  Heinrich  (1946).  The  reaiilts  indicated 
that  the  effect  of  the  manganese  on  the  index  of  re:f*raction  is  less  than  that 
of  the  ferrous  iron. 

The  most  significant  observation  concerning  the  optical  properties 
of  the  manganophyllites  studied  is  that  several  of  Jakob's  (1925a) specimens 
(Numbers  k.,  and  6)  showed  the  optic  plane  perpend icuLar  to  (010).  Practi- 
cally all  micas  crystallizing  as  the  1- layer  polymorph  have  the  cptic  plane 
parallel  with  (010).  The  orientations  of  these  micas  were  determined  by  X-ray 
methods;  the  cause  of  the  anomalies  has  not  been  determined. 


E.  Single  C.rystal  VarJ.ation 

A 8\irvoy  of  the  literature  failed  to  uncover  anj  information  regard- 
ing structural  or  optical  variations  or  color  zortir.g  01  single  crystals  of 
laanganophyllltp. a . In  our  wavk  we  Lavo  fo  -nd  r,o  cr,"c;  cf  p'^Ijnaorphic  variations 
cr  color  zonli-g  within  single  cr^j^atals  of  mangPEop  ./  ’ i' es . Small-scale 
variations  in  the  size  of  2V  within  individual  cryRt.'?,?.s  have  been  observed, 

! I' at  are  generally  insignificant. 
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; I . Dcc\urre?ace 

In  Table  aT.VTT  eire  presented  a listing  of  all  tiis  occm’rences  of 
I asngaaophyllite  (including  dou':>tfui-  or  incompletely  described  siaiigancpiiyllites)  j 
i we  have  been  able  to  find  in  the  literatxire. 


! if  • Conciualcca 

1.  Msaiganoijhyllite  is  a ma^aesium-manganeBe  mica,  with  variable 
amounts  of  ferric-  and  ferrous  iron  crysteailzing,  vlth.  l-layer 
emd  2-layer  mcmoclinic  structures . 

2.  Most  manganophyllltey  could  be  described  equally  well  as  mangan- 
ian,  phlogopites . 

3 . Many  reported  manganophyllites  are  of  doubtful  suthenticity  and 
need  furtner  study,  partlcu3.arly  chmical  analyses. 

Most  manganop>jyllltee  of  undoubted  authenticity  occur  in  man- 
geuaese  depoeits  cf  contact  metamorpnic  origin. 


t 


i 


18? 


ENGJNEERINCr  UiEAROi  JNSTiTUTE 


55r«yF.R5fi 


rv 


p^r,. 


MfCH^CiAN 


! 


PART  V.  BIOTITS 
I.  MH3RAL0GY 


j A.  CoTTOQ’Slticn 

6002  Ra,Ca,Ba,Eb,  and  Cs  for  K;  Mn  for  Fe^.  I4g  may  be  aljaost  absent  in  some 
varieties;  others  contain  much  Fe5;  in  some  Li  may  replace  A1  iossibly  leading 
t-  s?iimwBidita»  !5amboninl  (1919)  reports  14.35  percent  CaO  (see  p.  42  ). 
Freaderiberg  (1919)  reports  a biotite  with  12.5  3?ercent  Ti02.  It  has  been 
pofjited  out  that  a complete  series  exists  between  biotite  and  phlogopite;  a 
suggested  division  is  discussed  under  phlogopite  chemistry.  For  a discussion 
of  the  role  of  titani'uai  in  biotite  (and  micas)  and  the  variation  of  tetra^ 
hedrally  coordinated  Al/Si,  the  reader  is  referred  to  the  section  on  the  rela- 
tion of  composition  and  occurrence  (p.  I95  ). 

B.  Stractiire 

j .1,  Introduction.  Eendricks  and  Jefferson  (1939)  report  biotite 

' ae  occurring  in  five  ■^jlymorphs : 


j 

f 

I 


1- layer  mor.oelinic  - si)ace  group  Cm 

a 5.3A  b =».  9.2X  CO  = 10. 2X  3 * 100“ 

2- layer  monoclinic  (octophylllte  type)  - space  group  C2/c 

a « 5-3^  t)  » 9.2&  Co  = 40. 2A  P » 95* 


5-laj^i'  ■ rhoffiboheflTBl  enantioinoiphlc  hemihedral  - space  grci-,p 
C5jl2  or  C32I2 


A. 

= 5.3A 

Cjj 

= 50. oA 

P = 50* 

6-layer 

tri clinic 

hclohedral  - space 

giX>up  PI 

a 

■=  5-5A 

b 

- 5.3A 

c = 60. QA 

a 

=*  90* 

= 90* 

Y » 120* 

187 


'•  i'T~~  MU  nf~ii  Mfimr  im  n 


r^sty-'j-'V^tOMai,,^  .... 

p”  RESEARCH 

INSTITUTC 

• UNfVER.$Jl!V  0-^  .V]ICHi'5AN 

— 

j triclinlc 

) 

holohedrsi  •• 

space  group  pi 

< 

! 

j 

1 

i a --  5.5A 

b = ‘.3.3A 

c = 2^) , oK 

1 

i 

j a - 90" 

P » 9C" 

y - f 

The  only  other  polynorph  reported  in  the  literature  ia  an  incom- 
pletely deecrihed  l6-layer  tricliaic  'blocite  \Amel.incloc,  195SB). 

£*  Technique . The  X-reiy  study  of  oiotites,  and  tc  a leaser 

extant  of  phologopites.  Is  more  difficult  than  that  of  muscovites  Euad  lepi- 
dolites.  A crystal  orientation  procedure  based  on  optical  methods  vas  per- 
fected and  used  sati8factori?.y  with  ths  latter  series.  The  positions  of  the 
cryatallogrs^hlc  axes  were  determined  by  means  of  interference  figrures  and 
extinction  positions,  for  in  muscovite  and  lepidolite  the  crystallographic  axes 
correspond  easentlEilly  to  extinction  positions.  In  phlogopite  and  biotite, 
however,  the  birefringence  of  (CX)l)  sections  in  often  nil  and  2V  approaches 
seroj  thus  an  optical  orientation  method  is  infract leal. 

To  overcome  these  problems,  Laue  photographs  were  used  to  determine 
the  positions  of  the  desired  axes.,  Eowever,  laue  photographs  of  some  mono- 
clinic  speciiaenii  appear  so  nearly  hexagonal  thst  the  +ru.e  plane  of  syranetry 
is  not  eaaily  determined  (owing  to  the  large  crystal-to-f  ilm  distance  of  our 
CRDBra,  few  reflections  were  recorded).  Weisseaberg  photographs  about  the  two 
pseudo  a-axes  were  often  taken  before  the  one  about  the  true  a-axis  wais  ob- 
tained. An  alternative  method  was  used  occasionally,  whereby  it  was  not  nec- 
essary to  take  a Laue  photograph.  This  consisted  of  producing  a precuss  ion 
figure  on  the  cleavage  x'lakes  and  choosing  one  of  three  rays  at  random  ss  tbs 
rotation  axis,  with  the  hope  that  it  would  be  the  true  a-axls  and  not  OHic  OiC*  ! 

the  pseudo  a~exe».  But,  as  in  the  first  m;;thod,  several  attempts  usually  were 
required  before  the  structure  coixld  be  detexviined  accurately. 

Zero-level  Weissenberg  photographs  taken  about  ore  of  the  pseudo  a- 
axes  of  the  2-layer  monociinic  polymorph  appear  to  be  identical  wixu  the  0- 
level  8-axia  photograph  of  the  6^’’-pyer  iriclinic  biotite  iliustrateu  by  Hen- 
dricks and  Jefferson  (lypp-  p.  7^5’)-  Ll.kevlse,  0-level  pseudo  a-a  r < r'lcto- 
gp^aphs  of  the  i-layer  monocllnic  polyr^/rryh  stroTigly  I'es'jmhle  0-level  b-axis 
jihotographs  of  the  6-layer  mono’cli^nic  pcly;riorph  reported  only  in  lepidolites.  i 
UUereiore  exireiBB  caution  had  to  he  in  deciding  the  structure  of 

these  micas  fXt»  0-1.  -nil  photographs.  Diffuse  scattering,  p8.rtlcularly  among 
the  biotites,  also  icadc  structure  determinations  difficult  in  several 
instances . 


In  BOOS  EpeGimens  the  crystal  deveiopmenc  of  the  flakes  was  poor, 
or  the  only  analyzed  epecimens  available  were  powders.  Undeu-  these  co'nditlons, 
8 ingle -crystal  methods  were  not  possible,  and  'ohe  ptrwder  X-ray  method  was 
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: etten^ited.  It  vas  found  tliat  iron  radiation  was  most  suitable  and  even  esscr-  | i 

j tiol  in  studying  biotites  by  tbe  povder  method.  A filter  was  not  used,  for  | 

it  increased  the  necesBairy  exposiire  time  by  e factor  of  nearly  three,  Un-  | 
fortunately  the  powder  patterns  of  the  corr'  cn  rrl vmojp.r:,  forms  are  so  similar  | ^ 

that  no  distinctive  patterns  could  be  obtained . A rnriOchrcjmator,  for  longer  j ' 

einposui'es  without  baclsground  fogging,  was  not  available.  i ' 

i 

Nev  Structural  Data.  Although  the  structures  of  about  200  | 

blotitea  have  been  determined,  OTily  a few~definite  conclusions  are  available.  ! 

Attea^rts  to  correlate  chemistry  with  structure  have  been  imsuccessful,  but  I 

information  In  available  on  the  geographic  and  geologic  distribution  of  various  | 

polymoiphs.  Bie  reader  is  referred  to  Table  XLIV  in  which  the  results  of  the  | 

X-ray  study  of  27  euaalyzed  biotites  indicates  no  apparent  relationship  he-  j 

tween  sheiAlstry  and  polynoiphlsm  in  the  biotites  (and  phlogopites ) . j 

I 

?ji  the  study  of  the  hiotltes,  the  structures  of  several  uncommon 
varieties  were  determined.  The  results  are  tabulated  in  Table  XLVIII. 

Dialing  this  study  neithor  the  6-layer  nor  tbe  24-layer  trlclinic 
biotites  described  by  Hendricks  ard  Jefferson  (1959)  were  found.  Our  studies  | 

of  the  supposed  type  6 -layer  blot Ifa  described  by  Hendricks  and  Jefferson  (1939)  ^ 

from  bu&rxiag,  wey  link  C5675)  indicates  the  1-layer  monoclinic  ; 

structure.  Di’.  H.  S.  Yoder  •'personal  communication)  has  studied  other  material  i 

j from  the  same  specimen  and  h?iS  found  the  2-layer  monoclinlc  structure.  Only  ! ; 

tlie  1-  and  2-laj'er  monoclinic  and  the  5*'J-ayer  hexagonal  polymorphs  were  def  1-  | 

nitely  estshllshed.  In  a few  scattered  instances  patterns  not  assignable  to 
any  known  polymorphe  were  recorded  on  Weissenberg  photographs.  Detailed  study 
of  these  specimens  will  probably  show  that  they  consist  of  crystals  with  ma.xed 
structures  rather  than  new  polymorphs.  i 

it*  Vart&tion  cf  Sti*ucture  in  Pegnatlte  Districts.  About  8o  hlo- 
tite  specimens  from  about  15  pegmatite  deposits  In  the  southeastern  Ikilted 
States  were  studied.  A con5>ilatlon  of  the  results  showed  that  about  50  have 
crystallized  as  the  2-layer  sconoclinic  poljTaarph,  15  as  the  5-layer  hex- 
agonal polymoiph,  but  only  1 an  the  1-layer  monoclinlc  polymorph.  Heavy  dif- 
fuse scattering  prevented  accut'ate  structural  determination  of  the  remainder. 

Diffuse  scattering  is  characteristic  of  biotites  from  this  area.  The  reBulx.tJ  | i 

of  studies  from  other  widely  scattered  pegmatite  districts  are  summarized  | 

below:  | 

Southern  Norway  - predominantly  1-layer  ivonoclinic  forms, 
hut  2 -layer  forras  abundant. 

Canada:  Bancroft,  and  Wilherforce  Districts  - predominantly 

1-layer  forms. 

j Colorado;  Guffey  District  - predominately  1 -layer  forms.  I 


''.'T . 


J 


li\£i  i 'T, 


V'T  •?7Tr"^ 
j,j  -t. 


87r?EJCTURE  GF  BlOrilS  VWJ.M’J'IZS 


RAsnber 

Kaaie 

Locality 

3 truct.\ire 

732 {&) 

Wflddoite 

Isle  of  Waddo 

i-i.'.yer  ^^rncclinlc 

7h6iB) 

lepidomelane 

(pterolite) 

Brevig,  Norway 

2 -layer  nonocllnic 

752(a) 

meroxene 

Mt.  VeauvitJB 

1-layer  monoclinic 

755(a) 

meroxene  (white) 

Mt.  Vesuvius 

3-layer  hexagonal 

759(a) 

meroxene 

Mendhaoij,  N.  J. 

1-layer  monoclinic 

75li(G) 

calcloblotite 

Italy 

1-layer  monoclinic 

770(a) 

annlte 

Roclr'ort,  Mass . 

1-layer  sionoclinic 

1116^ a ) 

annite 

Rockport,  Mass. 

1 -layer  monoclinic 

775(a) 

8 iderophyllit e 

Pikes  Peak,  Colo. 

1-layer  monoclinic 

niT(a) 

8 iderophylli te 

Brooks  Mt . , Alaska 

1-layer  monoclinic 
(very  diffui,- 
^ scattering) 

783(a) 

cryophyllite 

Rockport,  Mass. 

1-layer  monoclinic 

1112(a) 

ffionrepite 

Finland 

1-layer  monoclinic 

1115(a) 

eukanptlte 

PreBhvurg,  Hungary 

1-layer  monoclinic 

llli*(a) 

bastonlte 

Bastogne,  Belgium 

2-layer  monoclinic 

1130(a) 

haughtonl t e 

Scotland 

(?)  - mixed  structures 

■ 1 
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■iaologlcal  environment  may  play  an  iaijoitant  role  in  tlie  crystal-  ‘ 
lize.tion  of  tiotite  micas.  The  pegmatites  of  the  30utfct-s£\,erjj  United  States  I 
(Nort.h  Carolinr.;  partiCTilarly)  are  of  quart;;  diortic  composition,  "*rhereaa 
those  of  the  Bancroft  area  are  nepheline  syanitic.  It  seems  possible  that 
bior'tltes  crjBtalllzicg  from  such  different  aiagmas  might  have  structures 
charsctejTistic  of  their  particular  errvirorjnenta,  but  this  hypothesis  needs 
confiidersble  further  study.  As  laentloned  above,  coo^osltlon  alone  does  not  seen 
to  be  the  axdtiaive  factor.  It  vas  hoped  that  a knowledge  of  the  teag>erature 
of  crystallization  of  thrse  micas  Kould  be  very  useful,  and  for  this  reason 
a suite  of  hlotite  phenocrysts  from  hypabyssal  acid  dike  rocks  from  the 
Guffey  District,  Colorado,  was  studied.  However,  both  1-  and  2-layer  poly- 
moxphs  were  found  In  these  biotltes. 


C.  Optical  Properties 

i*  2V,  Optic  Plane j Variation  with  Composition.  The 

refraction  Inctices  of  biotite  are: 

a = i.5ou  " i.o25  V -a  = O.QhO  - C.060 

P » 1.605  - 1.675  2V  - 0"  - 25° 

- 1.605  - 1*675  (negative) 

2V  is  usually  lesB  than  10“^,  hut  a fev  rare  varieties  have  2V  somewhat  greater  | 
than  25° , 

Dispersion:  r > v or  r < v 

aAc  = 8’-  -2%  B « b,  Va  a = 0-9°. 

The  cptic  piano  is  usually  parallel  to  (010 )_,  less  commonly  (only 
in  2-layer  polymorphs)  normal  tj  (010 ).  The  1-layer  polymorph  is  the  most 
comnon  structure  and  invariably  has  its  optic  plane  parallel  to  (010 ).  The 
irdices  increase  with  Fe^  and  more  lapidly  with  Fe5  amd  Ti.  For  exaag>le,  see 
the  studies  of  Winchel],  and  Winchell  (1951>  p.  37^ ^ Fig.  257)  and  that  of 
Eeinrich  (19^6),  in  tdiich  it  was  demonstrated  that  the  effecc  of  Fe^  and  Ti 
in  IncreaLsing  the  indices  of  refraction  is  approximately  twic?  that  cf  Fe^ 
end  that  the  effect  of  i4n^  was  approximately  one-/;alf  Lhu.1  of  Fe-.  In  bio-  1 
tites  in  which  total  iron  remains  constant,  1 percent  TiOg  increases  refractive 
indices  0.0046  (Ife..ll  19^1).  In  some  rare  ferrien  biotrtee  Y may  reach  as  high 
as  1.73  and  V-c.  « O.080. 

2.  Color;  Variation  with  CoitgjQsitlon.  Elctites  are  deeply 
colored,  ususl.ly  in  shades  of  brown  a?.>d  green.  Red-brown  biotites  owe 
tu«:ir  color  mainly  to  comibiaed  titfi.niimi  and  ferric  ivc-aj  greenish -brewr^ 
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€uid  ■brown  biotites  are  coloi^d  ni£i;jaly  by  Fe  with  lower  amounts  of  Ti  and 
Fe5;  and  blue-green  biotites  are  colored  malniy  by  Fe*  (Kali,  19^1  and 
Sbibata,  1952A). 


icning^.  Zoning  in  bJotite  has  not  been  as  widely  recognized 
as  in  muscovite o This  may  be  due  to  the  much  darker  color  of  most  biotites 
in  which  slight  co.V:j’.  uifierences  would  be  hidden  e;:cept  in  vei’y  thin  sheets, 


Some  examples  of  zoned  hiotitss  reported  in  the  literature  are  listed. 


BrSgger  (19S1)  reports  optical.ly  zoned  biotite  from  the  Fen  Region 
of  southern  Norway,  in  damkjemite,  a porphyrltic  rock  containing  phenocrysts 
of  biotite  and  pyroxene  in  a fine-grained  groundmass  of  pyroxene,  biotite,  and 
magnetite  with  minor  nepheline,  aicrocline,  and  calcite.  In  hand  specimeii  the 
biortite  is  bronze-brown,  but  under  the  microscope  it  is  reddish  in  color.  The 
biotite  flakes  are  not  six-sided,  but  usually  irregular.  Pleochrolsm  of  the 
core  Is  from  ruby-red  or  orange-red  to  briglit  yellow;  pleochrolsm  of  the  rim 
is  from  bright  green  to  bright  yeii'Ow  or  colorless.  The  biotite  seems  to  be 
uniaxial.. 


Johannsen  (1937)  notes  the  occurrence  of  color-zoned  biotite  in 
mlnette,  a laaiprophyre  of  the  syenite  series,  coa^osed  of  bibtjtfc  phenociTrata 
‘.Ti  an  orthoclase  groundj;i?»6e . The  hlozite  is  dark  brtrwn  lacder  the  microsccije 


I STid  i;:.  boz-Sj.  due  i^hcucciT-cts  snd  the  grovndmeas  It  sho-ws  'a  light  center  sur- 


rounded by  an  iron -rich  opaque  border. 


I 


i 


Gspout  (1?<U)  mentions  that  biotite  in  the  Mf.nr"?f-ota  granites  coBJOonljj 
Liova  e zonal  structure,  i 


Clarke  (1887)  describes  a bronzy-black  ziica  ieJisrcph/lIlte;,  from 
PiKfti  Peak,  Colorado,  ■%  , .resembling  pnlogopite  p-r.ter  irJ.i.yj  ...  but  made  up 
of  a 'lore  coiqioned  of  a soft  rotten  material,  evidentaj„ly  derived  fram  the 
OJif-insl.  uica,  and  smTounded  by  e "hroai  black  margin  of  the  Itilzcv.  Streaks 
of  n,!»ly  alteration  products  reached  into  the  margin  in  ivery  direction.*' 


! .ore  si  <en  ~.'j 

fO.13.OWB, 

i'enter 

k.54 

. . ,(*' 
! , :,;o 

K. 

*..•  t.  u'r. 

54.21 

'1  ■:  ' 

lr>.p? 

i ■ - '7*5 

Fe^Oj 

FeO 

20.12 

14.17 

5.01 

MaO 

0.?1 

0.3*^ 

C&O 

0.4a 

r,ei 

MgO 

1.34 

1,08 

Na^O 

1.43 

0.89 

K.,0 

6.7)0 

1.96 

r 

0.08 

0.54 
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II.  OCCUBFSy'.-e.  ! 

I 

A,  IgneouB  Kocks 

Blotl'te  occurs  as  eui  easenliiai  or  accessoiy  ai?.neral  most  types 
of  intrusive  igneous  rocks , particularly  pegriatites^  aplites^  granites,  gran- 
odiorites,  syenites,  feldspathoidal  syenites,  monzouites,  diorites  and  norites, 
less  COTDUDnly  in  dleibaBes,  other  gahbroic  types,  arid  in  rarer  types.  In  many 
of  these  it  appears  as  a priaar/  constituent,  although  in  some,  such  as 
diorites  and  gahhros  for  exaaple,  it  has  apparently  formed  hy  deuteric  reae- 
tions  <»«-■•■  he  seen  as  replacements  of  and  overgrowths  on  such  minerals  as 
hornblende,  augite  or  sHgnetite. 

Biotlte,  as  phanocrysts,  eJ.so  is  widespreeui  in  felsic  and  inter- 
mediate extrusive  rocks,  and  may  show  strong  resorption  mainly  to  iron  oxide 
arid  pyroxene.  Biotlte  is  retre,  howcTer,  as  a matrix  mineral  in  these  rocks. 
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B,  Matamorphl'C  Eocks 

Biotlte  is  a widespread  minerrJ.  of  roetamorphic  rocks  arid  is 
stable  under  a broad  tenperat\ire-p’'e88’are  rexigt,  forr'-.irr  oppai’eutly 
at  relatively  low  temperatures  and  remining  stable  into  the  granuiite  facies. 
In  contact  metamorphism  it  forms  under  low  grade  conditions  in  metamorphosed 
argillaceous,  ii^ure  arenaceous,  as  well  as  in  Intermediate  and  acid  igneous 
rocks  euid  remains  stable  into  the  higher  intensity  environiaents. 

The  biotlte  zone  is  indicative  of  ecn3 crate -grade  regional  meta-  j 
morphism  in  argillaceous  rocks,  but,  if  stress  is  abnorr-d.l.y  low,  biotite  I 
may  form  even  at  sanewhat  lower  ten^ratures.  The  reacticn  her  ween  chlorite 
and  muscovite  yields  biotlte  for  such  rocks  as  biotite  schists,  biotlte- 
aericltc  schists,  hiotlte-chlorite  schists  and  alb ite -biotite  schists.  Once 
formed,  biotite  usually  persists  into  higher-grade  zones,  appearing  with 
garnet,  kyanite,  £iiJl:*jOTar.ite,  and  cordierlte,  in  schists,  gnei-sea  and 
granulltes.  More  mfic  Igneous  rocks  and  somewhat  calcareous  sediments  also 
yield  blotite-hearing  types  \q>on  regional  metamorphism  — bictit.e-plagioclase 
schists,  biotite-hoiTibiende  schists,  and  biotlte-epldote  scli-.s  . ■'^or  exaitpie. 


C ,  Variation  of  CoHg>osition  with  Occurrence 

Heinrich  (19^6)  has  shown  that  biotiues  of  intrusive  igneous  rocks 
vary  systematically  in  compos xtion  with  the  rock  in  which  they  were  fo;rraed. 
This  variation  is  chiefly  an  Incraase  in  the  Fe^/Mg  ratio  toward  the  more 
f®lBic  rocks.  Biot lies  rich  in  Fe^  are  strongly  represented  in  alkali c rocks. 
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' and  alBo  in  extrusive  igncizir  ;r  'c«.s  vhere  sc^ie  of  xheix'  vaa  cariiized  to 
‘Fe5  by  escaping  gases,  ^hers  bvre  traced  the  success I'^e  changes  in  individ- 
ual eleaents  in  biotites.  ChEjtser.  and  Willlaas  (193f');  axanple^  In  their 
study  oi  tte  alkaline  White  Mounitair:.  aagms.  ...e-ries,  he'^s  observed  that  in  going 
frcRi  a gabhro  to  granite,  the  biofcife  vill  show  a deci ease  in  Si,Ii,/il,  and 
pE.’o,  i-ula:r'iy  Mg  with  a corresponding  Bahiitential  increase  in  Fe.  Similar  < 

resnlts  aie  reported  by  Inouc  (195^)  on  biotltes  fro®  mpheline  syenites  and 
nepheiine  syenite  pe®aatite.  She  also  notes  thnt  hiotites  from  ne.pheline 
syenites  tend  to  be  higher  In  Mn.  Sockolds  eujd  Mitchell  (1948)  in  a coopre-  i 

henstre  stvbdy  of  the  nan-alkaline  Gea'abal  Htil"'^  Olexm  Fyne  complex  show  a | 

decrease  in  Sl,Ti,  and  Mg  vltii  an  incxease  in  Al,Fe3,  and  Fe^  in  the  blotlues  i 

ctn  progressing  frcm  pyroxene -mica  diarlte  to  porphyrltlc  rrenxx’lorlte.  In  | 

their  study  af  the  trace  elements  they  find  a progressive  Increase  In  Qa,Mn,  j 

and  Kb  on  passing  fras  early  to  late  blotlte  vhereas  Cr,T,Cu,TU^Co,  and  Sr 
decrease  In  the  sane  direction.  3a  renalns  more  or  less  constant  In  early 
blotltos  and  decreases  In  the  lace  stagss;  LI,  on  the  ether  ?j&nd,  increases 
rapidly  in  the  early  blotites  and  later  remains  more  or  lest',  constant. 

The  role  of  Ti  In  the  crysteO.  lattice  of  the  nlcas  is  discussed  by 
Serdluchenko  (1948b)  . Be  concludes  that  at  low  tenperatures  and  in  an  acid 
medium,  Ti  proxies  for  Mg,  vhereas  at  high  temperatures  and  vlth  an  increase 
In  nllu-l  in.lt  Ti  rzzj  substitute  far  Si.  Thus,  in  alkaline 

Igneous  rocks  Ti  may  be  found  In  the  tetratedreJ.  layer  or  may  enter  both  the 
tetrahedral  and  occahedral  layers.  In  nanalkaline  igneo\JS  rocks  Ti  is  ex- 
clusively in  the  octahedral  layers  and  iEcmorphouely  replaces  Mg.  Biotites 
of  feldspathic  quartz-free  rocks  (mainly  Icunprophyres)  occupy  Intermediate 
positions  with  relaticn  to  Ti  (but  closer  to  the  position  of  Ti  in  alkaline 
rocks) . 


The  presence  and  role  of  Tl3>  in  phlogoplte  and  biotite  is  recorded 
and  discussed  by  Jakcb  and.  Paxga-Pondal  (1952)  and  Jakob  (I957).  However, 
they  maintain  that  Ti  is  not  found  in  the  tetrahedral  positions. 


Most  workers  believe  that  titanium  replaces  magnesim.  Several 
analyses,  however,  are  recorded  in  the  literature  in  which  some  of  th^  Ti 
must  be  grouped  vlth  silicon  and  tetrahedral  aluminum  in  calculating  the 
foxmulas  so  that  all  tetrahedral  posit ions  are  filled.  Such  a case  is  well 
IJjustratsd  in  the  study  of  a tltanlferous  phlogoplte  described  by  Prider 
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tltanian  biotite  a (wodanites } , Serdluchenko  (19^83)  also  finds  it  neces- 
sary to  Include  smll  amcfur  bo  of  Fo3  to  fill  tetrahedral  pos.itlons  in  the 
case  of  three  lepldonelane? . In  this  mamifir  the  atoaalc  requirements  for  the 
tetrehedral  layer  are  cooqpleTed  with  Ti  (and  Fe3),  since  the  total  of  a.lu- 
mlnum  and  silicon  is  insufflit . it.  KockoldB  and  Mitchell  (1948)  also  discuss 
this  problem  and  point  out  tally  all  the  aluminum  in  the  biotites 

they  studied  (from  diorites,  granoalcrltea  and  granitee)  is  tied  up  in  tetra- 
hedral positions. 
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berdiucuenico  (1948b)  (in  tra^islation/  quotes  Fersraan  ss  report in,g; 


•^1  '-ftplaces  Si  in  tetraiiedra  of  the  pyroxenes,  anrohi- 
■boleo  (jbairis'  ‘■'-.ni  ®i;ss  (sheets)  "but  not.  In  fe.bdspars  or 
zeollres  linkage).  HoveTeTf  the  crjs'tallo- 

oheaica'  -'Cie  of  titanlua  in  the  lattice  ~f  sLlneraLls  is  not 
determined  caiJ.^  fcy  the  tjp)e  of  strc’-rt’ore , hut  for  the  very- 
same  nlnerals  (for  example  micas,  as^hitoles  and  others)  its 
role  chaagea  vclth  respect  to  the  therflodynamic  and  geochemical 
conditiojis  c.  ;ne  genesis  (ten^rature,  pressure,  oxidation  potent  ialJ 

PH).« 


Machatschki  (l>30)  staxes  that  at  low  tea^»eratureB  Ti  may  not  re- 
place SI  heeauee  oi  the  differences  In  ionic  radii  of  titanium  and  silicon 
atoms.  At  high  tempera  cures , however,  it  may  replace  Si,  but  the  tendency 
for  exBOlutlon  of  llKarlte  or  other  tl-taulum  minerals  aj^ears  to  be  great. 
Bragg  (1957)  points  ov.t  that  Ti  is  exclusively  found  in  sixfold  coordination 
and  therefore  it  is  vary  unl.jJtely  that  in  the  micas  it  -vrould  replace  silicon 
in  fourfold  cocrdlnp-^lor.  hamberg  (l9^)  believes  that  Ti  is  relatively 
abundant  in  high-tea5>e.--.t'jre  me-temorphlc  blotltes  and  accounts  for  their 
stability. 


In  our.-  opirtion  the  problem  still  remains  unsolved.  The  accuracy  of 
the  comlusiODs  reached  by  Serdiuchenko  (19^4^8 ) depends  ipon  (l)  whether  it  Is 
absolutely  necessaiy  for  the  tetrahedral  positions  to  be  filled  (the  octa- 
hedral may  he  deficient),  and  (2)  the  accuracy  of  the  analyses  vised  in  the 
conpilatlon. . 

In  metamorphic  roeVn  the  data  are  still  too  few  to  permit  much 
correlation  between  (,‘omyt»ition  and  the  temperature -pressure  environment. 
Undoubted-! y,  however,  ne-tamoiphic  hiotites  vary  conBiderably  in  composition. 

It  has  been  foiaid  in  a re-view  of  the  literature  -tbat  hiotites  fo'inned 
under  conditions  of  sinple  thermal  metamorphism  generally  have  a much  la-ger 
quantity  of  A1  in  tetrahedral  position  than  hioti-tes  formed  under  coj.ddtic'Ea 
of  regiona.1  metamoarphism  (Dr.  A.  Mlyashiro,  personal  communication).  This 
fact  appears  to  he  in  accord  -with  the  general  tendency  of  minerals  that  fonm-’d 
at  high  tenperatures  to  contain  more  fourfold  A1  than  those  that  formed  at  low 
temperatures . 

Harry  (1950)  recently  demonstrated  that  this  is  the  ease  for  some 
igneous  and  me-tamoiphlc  minerals,  particularly  aaiphlholes  and  pyroxenes,  eund 
believes  that  -the  situation  is  analogous  in  hiotites.  He  suggests  that  large 
amounts  of  -tetrahedrally  coordiiisted  A1  may  help  stabilize  biotixe  that  forsied 
under  physical  conditions  (high  temperature)  ordinarily  proKiotiug  the 
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.alli.se'*;  A on  of  simpler  lattice  minerals,  'frii.s  e-jiggestion  is  based 

the  ODser'/ation  that  biotite  hc-s  the  largest  amoant  of  A1  substitution 
:1  in  -I't  roc’s  “ileo  containing  pyroxene  and  nonb’ -S'le  in  vh'j.ch  all  three 
■als  crystallised  under  the  same  axe>-te.tipcrr- •y,.rt'  jonditicns. 
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III.  PEGyATITIC  BIOTITF 


A.  Localization 

The  occurrences  of  pegmatitic  biotlte  may  "be  groiQjed  under 


1.  Wfill-zone  occurrences 

2.  Cuter  intermediate -zone  occurrences 

3.  Fracture -fillings  and  fracture -controlled 
replacements 

4.  Ezonoiphlc  and  endomoiphic  ‘biotite. 

Biotite  of  magnatic  origin  oceui-s  normally  in  the  outer  zouts  of 
pegmatites.  In  wall  zones  the  Motlte  atiy  occur  in  elongats  blades  or  plates 
that  tend  to  Be  arranged  normal  to  the  vEJJ.-rock  contacts.  Xsot  ^rcccjmoonly 
these  Blader.  are  "tangle  foot",  i.e.,  they  contain  a central  strip  of  biotite 
and  borderi'3g  parallel  overgrowths  of  miiscovite.  Ihe  School  Section  pegmatite 
Of  Ei^t  Mile  Park,  Colorado,  contains  such  Blades  aBundantly  J.n  the  henglng- 
imll  section  of  the  wall  zone.  Meny  pegmatites  of  the  southeastern  districts 
eontaiu  unorientei  Books  and  plate^i  of  biotitcs  irr  wall  zones. 


Smaller  bo'jks,  flakes  end  scales  of  biotite  also  are  ab-undant  in 
outer  Intermediate  zones  in  many  districts  of  Hew  England  and  other  regions. 

In  such  zones  the  biotite  occurs  with  quartz,^  microcline,  sodic  plagioclase 
and.  In  some  cEU3es,  muscct^te  ee  well. 

Fracture-fillings  of  biotite  ere  conspicuous  featur€;8  in  some  peg- 
matites, for  exaa^le,  those  of  Topshsm,  Maine;  in  the  Big  Flint  pegmatite, 
Jackson  County,  North  Carolina;  in  the  Yard  pegmatite,  neai'  Salida,  Colorado, 
and  in  msny  pegmatites  of  other  dlstriccs,  especially  some  ir  Southern  Norway 
and  Sweden.  I’b.e  biotite  crystals  are  commnniy  of  large  size,  1 to  20  feet, 
and  usually  ap:pear  in  subpstrallel  to  slight3.y  radial  patterns.  Dendritic: 
arrangements  ax«r.  occur  with  a central  large  sheet  as  a et  xl±  and  tmaller 
sheets  as  branriaes.  In  some  districts  with  biotite  of  this  type,  rare-earth 
minerals,  suer,  as  ferg-asenite,  gadolinite,  samarskite,  etc.,  occta"  relatively 
abundantly,  as  cryn-'.alij  and  grains  betveen  the  biotite  sleets.  In  a few 
deposits  smai.I  books  of  muscovita  have  beeii  forced  between  the  larger  parallel 
biotite  sheets,  normal  to  them. 

The  outer  parts  of  some  pegmatites  contain  wisps  and  schlieren  of 
recrystalliued  coarse-grained  parallel  biotite  derived  by  incorporation 
of  blocks  of  biotite -rich  wall  rocks.  Examples  are  the  Ledford  Cove  pegmatite. 
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Franiilin,  North  Carolina  and  the  Big  7:’.cl.ge  pegmatite  near  Waynesville,  North 
Carolina.  Most  pegmatites  that  have  heer  intruded  into  hornblende -ricn  rocks 
have  developed  prominent  selrages  of  coarse  biotits  by  reaction. 

In  a fev  pegmatites  more  than  one  generation  of  biotite  has  been 
observed,  e.g.,  wall-zone  plxis  fracture -filling  biotites,  but  thera  i«  no 
information  as  to  emy  congiosittonal  variation  between  the  two  types,  it  has  beei 
observed  tuat  pegmatites  containing  concentrations  of  green  book  muscoviteB  in 
wall  zones  rarely  contain  any  biotite,  exc^t  some  that  may  be  exomoiphic 
in  origin.  Biotite  associated  with  or  Included  in  green  book  muscovite  usuall; 
itself  is  deep  olive  green  in  color,  whereas  that  intergrown  or  occurring  with 
r\iby  muscovltes  is  black  or  dark  brown,  probably  with  more  Fe^  ar.d  Ti  and  less 
Fe2.  Where  abundant  biotite  occurs  with  muscovite  in  zones,  the  muscovite 
normally  is  largely  free  of  iron-oxide  inclusions. 

In  some  districts  biotite  and  schorl  are  mu-ualiy  e^ccliusive,  either 
in  wall  zones  or  in  the  entire  pegmatite. 

B.  Macrostructural  Featvires 

A systematic  study  of  the  structural  features  of  book  or  sheet 
biotite  has  not  been  attenpted.  Biotite  commonly  forms  in  thin  sheets  or 
flakes  from  a fraction  of  an  inch  to  many  feet  across.  Thick,  books  are 
relatively  uncommon.  Ruling  marks  thicker  books  in  some  deposits.  Many 
sheets  that  crystallized  along  cracks  follow  the  curvature  of  the  fractures . 
Some  very  large  sheets  of  this  type  show  a diamond-shaped  crosshatch  pattern 
of  nusorklngB  resembling  reeves  but  less  closely  spaced.  Intergrowths  with  mus- 
covite are  common,  normally  with  the  biotite  occupyiTig  the  central  part  of  the 
composite  book  or  sheet.  However,  an  overgrowth  of  central  muscovite  with 
framing  biotite  also  is  known.  Concentric  structure  iij  biotite  has  been  re- 
ported by  Sia5>Bon  (1912)  from  a pegmf.tite  In  Ubini,  Western  Austr^vlia. 
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A.  Canpositlop 


General  cgBpoeltlop;  The  ccmpoeltlon.  of  zlnncwaldlte  Fiay  he  espresaed 
hy  the  following  general  fcxraula: 

K2(Fe^i-2,Li2-3»Al2)  (SJ^.7,Al2-l)020(F3-2,QHl-2)  • 

The  (Al,Fe,Li)  group  Tisually  contains  six  atcns  hut  may  be  conslderahly  defi- 
cient. The  possible  ionic  suhstltutiona  that  ceui  tedse  place  are  as  follows: 

For  Si:  Qne-fovtrth  of  the  Si  may  he  replaced  by  Al;  minor  Ti 

may  also  he  substituted  in  this  position. 

For  Al;  Ti,Fe^,Fe^,Mn,Mg,  and  Li. 

For  E:  ITa,Ba,Bh,Cs,  and  minor  Ca. 

Trace  elements ; Glass  (1935)  la  studying  zlnnwaldite  from  Amelia, 
Virginia,  reports  the  largest  variety  of  trace  elements  ever  recorded  in  a 
sinnwaldlte:  B,Be,Sn,Zn,Rb,Li,Cs,TljCs20  = 0.10  percent  and  Rh20  = 1.04 

percent.  Other  trace  elements  in  zlnnwaldites  are  P,He,Mg,Mn5,Ga,Ba,Sc,Ti, 
and  T (Bankaaa  and  Sahama,  19f  0). 

The  chemical  similarity  between  zlnnwaldite,  Ispldolite,  and  hlotite 
are  presented  in  Table  JLH, 


TABLE  FLU 

CHBMICAL  RELAI’IOJJ  OF  Z IJiNWALLITE  TO  LEPIDOLITE  /J.®  BIOTITE 
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ic inrLVE.idi xe  ie,  in  general,  cheirleally  clx-ser  tc  l.epidolite  than.  ; 

biotite,  with  the  important  exception  of  Fe . i 

I : 

! ! 

B.  Structure  ! 

i 

Three  etructural  vai-ieties  cf  zinuvraiditea  are  now  known: 

(a)  1 -layer  aonoc3.inlc, 

(h)  2-layer  monoclinlc  ttU8oovite-t’'/T»,  and 
(c)  3 -layer  hexagonal. 

Hendricks  and  Jefferson  (1939)  rex>crt  zinnwaldites  with  the  1-layer 
structure  from  Amelia,  Virginia^  Zlnnwald,  Bohemia;  and  Brambach,  Saxony. 

They  also  report  a 3-layer  hexagonal  structure  zlnnwaldite  from  Amelia,  Vir- 
ginia. The  X-ray  data  afthe  zlnnwalditeB  etudied  by  us  is  tabulated  In  Table 
L.  Eight  samples  studied  have  crysv,allized  as  the  1-layer  polymorph,  five 
as  the  3-layer  polymorph,  and  one  as  a 2-layer  polymorph  very  c1milai‘  to  that 
of  normal  muscovite. 

An  excellent  Welssenberg  photograph  obtained  from  a flake  cf  zinnw&l- 
Jlte  (Spec.  1251)  from  Ub Ini,  West  Australia,  (Murry  and  Chapnan,  1931)  iedi- 
cates  the  2-layer  monoclinlc  structure  with  the  presence  of  (o6JC)  reflections  j 
with  Ji  odd  (Fig.  13).  The  significance  of  these  reflections  has  been  dlscuea-  j 
ed  in  detail  hy  Hendricks  and  Jefferson  ( 1939 )^  and  In  this  rei>ort  with  regard  | 
to  lithian  muscovite.  The  sigr.if leant  point  is  that  (b6j?)  reflections  with  j£.  j 
odd  are  present  In  the  2-layer  mascevite  (hep^aphyJJ.ite)  type  of  micas,  and 
their  presence  Indicates  considerable  distortion  from  the  ideal  mica  structure. 
Hendricks  and  Jefferson  (1939)  believe  that  the  muscovite -like  micas  produce 
these  reflections  because  of  an  incomplete  filling  of  the  octahedral  positions  ‘ 
which  results  in  the  distortion.  Muscovite  has  only  two-thirds  of  the  octa- 
hedral positions  filled,  whereas  the  ideal  octaphylllte  micas  haw  i.ll  these 
positions  occupied.  Therefore,  tlie  presaiice  of  06?  reflections  with  X odd 
j recorded  on  the  Welssenberg  photograph  of  Spec.  I23I  implies  that  uhers  is 
I distortion  in  the  stmeture,  and  uLat  this  zlnnwaldite  approaches  the  hepta- 
phyl].ites  in  structure.  This  appears  to  be  the  only  spacimen  of  zlnnwaldite 
■w'hich  ha”  been  definitely  sh'own  +0  be  more  closely  related  structurally  to 
heptaphylllte  micas  than  to  the  octaphyllltes . Noteworthy  is  the  fact  that 
the  deficiencies  in  the  Al,Fe,Li  (octahedral)  position  have  been  reported. 
Although  lemke,  et  al.  (1952)  report  the  occvirrence  at  Amelia,  Virginia,  of 
meuiy  bookc  intermediate  between  zinnwaldite  and  muscovite  with  some  gradations 
from  muscovite  centers  to  zinnwaldite  borders,  our  examination  of  this  ma- 
terial shows  only  a very  narrew  gradational  zone,  if  aiy. 
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NEW  STRTTC^"UML  STUDIES  OF  ZDINW^^LDITE 


Identification 

Number 

Polymorphic 

Form 

Color 

I.ocality 
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Miirray  and  Chapman  (3-951)  reported  on3.y  a partial  analysis  (the  j 

alkalis)  of  the  lTf)ini  material.  The  LipO  content  of  l.Lp  percent  is  extremely  j 
low  -for  a ztnnwaldite  and  further  studies  may  show  that  we  are  not  dealirjg  j 
with  a true  ztnnwaldite.  Nevertheless,  the  odor  is  rery  similar  to  other 
zinnwaldites  and  froQ  the  darkening  of  tbs  V^e  is  sen  berg  films  it  is  assumed 
that  the  Fe  content  is  considerahls;  cer-ainly  more  than  high  Fe,  normal  musco- 
vltea . 

Tie  itenslties  cf  the(o6i)  reflections  with  X odd  (Fig.  IJj  compare 
with  Figs.  5 and  6)  frcm  the  spectEen  of  zlnnwaldite  from  Uhlni  (No.  1251)  fire 
of  on  order  of  nagnitvide  scanewhera  iTitenaedlate  between  normal  muscovite 
and  llthlan  muscovite  (apparently  closer  to  normal  muscovite).  The  intensities 
cf  these  reflections  and  other  selected  f)k-£)  reflect! ans  are  listed  In  Table 
LI. 


TABIS  LI 


aph?c3xb5A3?e  observed  DTOENSITIES 
OF  SOME  (0k|)  HEFIECTIONS  OP  2-IAYER  FOBK.S 


Plane 

1 Nar:a3.  Miscovltej 

Llthian 

Muscovite 
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¥W 
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W 
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VW 
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VW 
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W 

VW 

WW 
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V 

W 

WW 
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W 

W 

WW 

069 

V 

vw 

WW 

C.  Optical  Pi-operties 

In  -Tablo  ±.!  "'  ?.  vs  listed  the  optical  constants  of  zlunv;.  16  irae  as  re- 
ported in  tluB  llteretimi . Tlie  range  of  values  is  as  follows: 


a 

3 

r 

2V 


l.?35  - 1.558 
1.570  - 1.589 
1.572  - 1.590 

0*^  - 70*^  — 


Axial  plane:  para3J.el  with  (010) 

Color:  gray  to  amber-browri 

Sp.  Gravity:  2.9I6  - 3.018 

Average  25“  - 50“ 
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I U:afoi'tune,tely  only  tiu’-ei  .suialysed  zl.inwald.ltc;' 

deterroicatlons;  this  prevents  any  definite  correlat lox.  :.f 
caupoa  It  ion.  Thi?T*e  does,  however,  appear  to  he  a general 
I irtclic.ee  ‘^ith  «:.!  .'.'.acrease  in  iron  content. 


.'■nve  precise  optics.’, 
opcical  data  vith 
increase  in  the 


and  Overgrcwthe 


Baumhauer  (I879)  reported  a zoned  zinnwaldite  from  Zlnnwald,  Bohemia  • 
According  to  his  descrlptlonB,  crystals  of  zlnnwaldlte  showed  zcces  of  differ- 
ent vidths  normal  to  the  A structure.  These  zones  were  yellov,  wbereais  the 
rest  of  the  crystal  was  colorless  to  gray.  He  postulated  that  the  zoning  •ws.s 
due  to  chemical  dlffei'euces . Upon  examination  under  polarized  U^t,  'the 
various  zones  -were  found  ty  him  to  have  the  eeue  abeorptlan  fcrmolas.  86llas 
(I889)  reports  a zinnwaiLdite  found  In  the  granite  of  Moume  Mountains,  Ireland, 
which  shows  a zonal  structure  with  a dari-green  center  having  em  axial  angle 
of  ' and  a harder  zone  having  an  angle  of  52®06  ’ . 

Sterrett  (1923,  p.  133)  reT>crtB  zoning  in  a zlnnwaldlte  from  the 
Palermo  Mine,  Grafton  County,  New  Kampshl're:  "The  sheets  of  this  mica  show  a 

clear  hrown  core  and  a greenlsh-hlae  exterior  about  the  color  of  indicolltf 
tourmaline.  These  colors  are  arranged  parallel  to  planes  of  crystallization, 
ard  , the  blue  contains  thin  zonal  growths  of  the  Drown." 

A zoned  crystal  from  J^lla,  Vir>;lnla  (epee.  1242)  upon  e.raminatlon 
showed  optical  and  structural  variations.  The  dark- brown  Inner  zene  a.  -ti  a 2V 
of  3 to  4“,  p ~ 1.534,  and  Y=  1,536,  and  iiad  crystallized  as  the  3-le.yer 
form.  The  marginal  zone  had  a 2V  of  28",  P - 1-585;  Y = 1-588/  and 

crystallized  as  the  1-layer  form.  It  h^is  been  ahov.'n  in  the  lepidolites  that 
the  5-layer  emd  1-layer  forma  have  almost  Identical  chemical  compositions; 

It  is  believed  that  the  5-layer  form  results  from  a tvinni.iig  of  the  1-layer 
form.  This  twinning  also  probably  accounts  for  the  structural  variation  in 
this  zlnnwaldlte,  as  the  chemistry  of  the  two  zon.os  probably  varies  very 
little . 


A systematic  X-ray  sttidy  of  several  zoned  zlnnwa3.dites  from  the 
Brown  Derby,  Coiorad.o,  pegmatite  has  shown  that  polynorphlc  variation  does 
viA.  necessarily  markedly  zoned  cr;, petals.  These  ;n.lcaa  haw  a 

ligjiT.  outer  zo.ue  aii-.;  a tla/a.  uuio.  Doth  Zunes  l^avs  the  Eumc  c-tt.ic.nl  constants 
P = 1.584,  )f'  = 1.585,  and  2V  - 0 - 2",  and  boj+ch  iiave  cryefcallized  as  tocf 

1-layer  type. 

Lemke  et  al.  (1952  p.  129)  report  that  many  books  intenasdlate  be- 
tween zlnnwaldlte  and  muscovite  occu.'  in  the  Amelia  District  of  Virginia,  cr  .1 
that  some  grade  frem  sniscovite  centers  to  ztnnwaldite  borders.  They  conclude 
that  the  zinnwaldite  formed  later  than  muscovite  and  in  seme  books  formed 

r.tms  around  cores  of  ■aiuscovits . 
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TABLE  LI I 


OPTICAL  PROPERTIES  OF  2INNWALDITE3 
(Frcm  the  literatxure) 


-■»?—  ~r— — 

LoceLLlty 

0 

P If 

A*l^l  Color 

— isma 

References 

Zinnwald,  Bohemia 

1.551 

1.578  1.581 

2V  :=  ?V’-3C“  Brown 

Larsen  and  Berman, 

1934 

Zlxuarald,  Bohemia  1.^43? 

1.5729  1.5T50 

2V  - 30-32* 

Wlnchell,1942 

-1.5450 

-1.5737  -1.5757 

Ziiuarald,  Bohemia  1.341 

1.571  1.573 

2V  = 28*47' 

Jahol),1927 

Gray 

Zlimwald,  Bohemia 

1.5511 

1.5777  1.5812 

2V  = 14*48' 

Kunitz,l924 

2E  = 47*30' 

Zi33ziwald,  Bohemia 

1.539 

1.564 

0 

0 

II 

Hendricks  and 

Jefferson, I939 

Altenherg,  Saxony  I.5572 

1.5850  1.5876 

2V  = 10*21' 

2E  = 56*20' 

Kunita,1924 

Flchtelgehlrge , 

2E  = 47*10’ 

DUrrfeid,  1909 

Bavaria 

Braffiheu;h,  Sat:aoy 

1.572 

2V  = 25-30* 

Hendricks  ard 

Jefferson, 1939 

Volhynia,  Ihassla 

1.587 

2V  = 13-25* 

Buryanova, 1940 

Erongo  Gchlucht, 

1.573  1.576 

0 

4- 

0 

H 

K^ 

II 

Frcsmturze,  Gevers, 

3.  W.  Africa 

40.002  40.002 

and  Ross  oww,  1942 

Uoberatana, 

1.57 

2V  = 10* 

Ma-w  eon  and 

South.  Auatralia 

.Dallwitz,1945 

Wakeflal4;>  Quahec 

i.5357 

1.5596  I. 5628 

2<r  30-39“ 

Wine  lell,  1942 

-i.5673.  -1.5701 

»T.,  _ 

OTr  _ f‘>\ 

^ t — J W S * / 

TJnlUoy  Ptoypnmo 

Scotia 

Brcnni 

19L4 

Aaelia,  Virginia 

1.550 

1.580  1.580 

2V  = 0-35“  Bronze 

Glasa,  1935 

-1.558 

-1.589  -1.590 

to  Gray 

Virginia 

1.550 

1.584 

2V  = 0“ 

Hendricks  and 

Jefferson, 1939 
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• UN:V?-  ; 7 

we  nave  ezaalnad  sene  material  frem  Amelia  sapplied  by  V.  B. 
OrlfnttB  In  order  to  dete.ra:'.rja  tbe  extent  of  gradation  betveen  i,  I .a- aid  Ite 
and  muBco"^lte.  The  heovl',,'  r .:o.-stained  apeclmen  (Rq-  1599)  consletB  r.’  an 
incomplete  crystal  vhlch  definite  zoning.  Tbe  boundary  betveen  la 

muBcovlte  core  and  zlnnwaldlte  rim  appears  megascopiceilly  sharp  and  distinct 
owing  to  the  brownish  tint  of  the  zinixwaldlte . Urjder  the  microscope  the 
boundary  Is^  in  the  maln^  sharp  but  Jagged,  as  determined  by  differences  in 
birefringence  under  crossed  nlcols.  In  a few  small  oreaB  the  boundary,  on 
the  basis  at  Ilrefrlngence  and  slee  of  the  optic  angle,  appears  gradatlODal. 
However,  the  gradational  zone  Is  zmorow,  and  its  lateral  extent  Is  limited. 

Tbe  structure  of  the  m'ucorvlte  Is  2-i'iyer(iu3anr.aj)l  Ihe  zlnnwaldlte  has  the 
3-layer  hexagonal  structure;  the  cpti.c  angle  Is  small  (at  the  most,  10”)  and 
variable.  Ve  have  been  unabl/i  to  Isolate  any  of  the  small  "gradational  areas" 
for  X-ray  studies.  In  general^  however,  the  specimen  represents  an  over- 
growth rather  than  a gradation. 

T^bw  et  aJ..  (I9f>2)  bars  described  overgrowths  of  zlnnwaldlte  on 
muscovite  at  the  Morefield.  mine,  Amelia,  Virginia  „ ZinromMite  overgrowths 
on  green  hlotlte  are  reported  by  Shlbata  (19^25)  In  pegmatites  of  the  Haegl 
district,  Japan,  and  ziniwaldite  overgrowths  on  muscovite  were  noted  by  the 
same  Jnvestigator  (Shlbftta,  1952B)  occurring  In  pegmatites  at  Naegi  and 
Tan-okamiyama . 
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i.i.  (xcurhence 


Zlnnwaldlte  Is  found  chlefl7  In  granite  pegvatltea  and  casslterite 
veins  associated  vlth  grelsen.  Table  LIII  lists  the  localities  emd  type  of 
depoolt  for  aost  of  tbs  zimwaldlte  occurrences  described  In  the  literature. 

t 

Tbs  survey  of  tbs  literature  describing  tbs  occurrences  of  ziznxHal- 
dlte  leada  to  tbs  foUovlng  genered.ikatlons  conceming  paragenesle  of 
sinzualdlte: 

^ 1 • ZlTgpnild It e Is  associated  vltb  granitic  aagnas/  especially 

vixh  pet^Botlte*!;  grelsens,  and  granites. 

2.  Bocks  containing  zlsmaldlte  usually  contain  ons  or  acre  of 

tbs  foUoulng  slnerals:  topaz,  cemslterlte,  lepldoUte, 

feldspar  (cleavelandlte),  beryl,  toumnllne,  tantallte, 
colusblte,  Bonazlte,  spodusens,  eoid  fluorite. 

3.  Zlnnwaldltes  in  pegmatites  are  usually  eLssoclated  vltb 
Na-Ll  replacesent  units. 

W.  Zlnmraldlte  probably  crysralllzes  after  moscovlte  and/or 
blotlte  but  before  lepldollte  (Sbibata,  1952B). 
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I PAET  VII . MISCSLIAfCEOaS  MICAS 


I.  EAEAGCKIEE 


(NayS)2All4.(S15Al2)020(0S)4>  chemlcalljr  very  sisUar  to  muscovite 
except  vith  Ifa  in  place  of  E;  K in  very  su^bordinate  aa;ov!r,t3 . Srhaller  end 
Stevens  (I9VI)  have  pointed  out  that  the  series  muscovite -parag.anlte  is  not 
ccnpletely  represented  in  nature.  They  helleve  there  is  no  langer  any  douht 
as  to  the  validity  of  paragonite  aa  a sei>arate  species  even  though  deslgtiatlon 
of  many  alleged  soda  micas  as  paragonite  vas  apparently  based  on  faulty  ema- 
lytlcaJ.  determlnatlans . 

As  the  optical  properties  of  paragonite,  Vlnchell  and  Winchell  (19^1) 

give; 

a = 1.564  - 1.577 

s = 1.599  - 1.605 

jr  = 1.600  - 1.609 

27  = ca.  4Q* 

Paragonite  cannot  he  distinguished  from  muscovite  on  the  basis  of 
optical  properties  eilane. 

As  for  its  structure,  Bannister  (194J)  has  determined  the  following 
cell  dimensions  for  petragonlte  \dilch  indicate  the  close  similarity  to  the 
narmal  2-layer  muscovite  structure; 

a = 5.I2A  b - 8.87A  c slnB  = I8.95A 

On  synthetic  material,  Qruner  (1942)  found: 

bo  = 8.9OA  Co  = 19.55 

Gruner  (1942)  sxiggests  that  peuragonite  is  one ccimon  oeesuse  Na  ioos 
are  so  small  that  they  will  not  fit  readily  into  the  K positionB  of  the  micas . 
In  twelvefold  coordination  positionB,  bonding  with  Sa  is  extremely  weedt. 

Paragonite  is  reported  as  occurlng  in  schists  and  phyllites,  in  some 
with  Isyanite,  also  as  an  alteration  of  corundtim.  Jphna  (personal  couBMuica- 
tlon)  has  found  paragonite  in  a pegnatite. 
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II.  EOSCOELI'IE 


Roacoellte  has  'bosr.  generallj’^  accepted  as  a vamdlferous  muacovite 
la  vtilch  V hae  replaced  miich  of  the  Al.  This  conclusion  was  reached  hy 
Clarke  on  the  basis  of  the  chemical  analyses  of  Hillebrand  (Hlllobrand,  Txirner, 
a::d  Clarke^  1899)  • A.  detailed  study  of  the  optical  properties  of  roecoellte 
was  Bade  by  Wjrlght  (191^) ^ In  which  the  similarities  to  muscorlte,  such  as 
the  position  of  the  optic  plane  norBal  to  (010),  were  noted.  Indices,  howsT?r, 
are  hl^:  a = 1.610  3 = 1.68^  and  ^ = 1.704  (+  O.OO3,  sodium  li^t). 

2E  a 42®  to  69*.  Pleochroism  Is  falrlystrong:  Y = green-brovn,  3 = 
ollwe-green  and  a = olive-green.  Absoorptlon, 

Atomic  ratios  calculated  by  Wells  and  Brannock  (1946)  on  the  basis 
of  ten  chemical  analyses  show  that  7 and  Al  combined  (with  -he  exception  of 
the>  Al  required  to  fill  tetrahedral  posit  Ions)  total  two  atoms  with  octahedral 
coordination  In  the  mica  sheet.  This  Is  the  theoretical  number  for  a hepta- 
phylllte  (muscovite -type)  mica.  The  Isomorphoue  replacement  also  seams 
probable  on  the  basis  of  ionic  radii;  Al5+  = 0.571S,  v5+  = 0.65mc  . 

The  first  published  results  of  X-ray  work  on  roscoellte  that  we 
have  been  able  to  find  are  embodied  In  a statement  In  Fischer  (1942,  pp.  37^~ 
377); 


"The  principal  vanadium  mineral  Is  micaceous,  and  It  has  heretofore 
been  thought  to  be  roscoellte,  the  vanadium  mica;  but  as  a result  of  recent 
X-ray  studies  by  Sterling  Hendricks  of  the  Department  of  Agrlc\ilt\u:e,  It  Is 
now  thoxi^t  to  beloi^g  to  the  Imperfectly  imderstood  hydrous-mica  group  of 
clay  minerals."  This  tentative  statement  apparently  has  been  widely  accepted 
and  the  micaceous  vanadium  mineral  of  the  Coloreido  Plateau  area  has  subse- 
quently been  referred  to  as  vanadium  hydrcmlca  upon  several  occasions  by 
geologists  studying  these  deposits.  The  extent  of  Its  dissemination  may  be 
gauged  by  Its  appearance  In  a Russian  eortlcle  (Eultlassov  and  Dublnklna,  1946). 
Since  the  results  of  our  studies  on  roscoellte  were  not  In  agreement  with 
this  Identification,  we  wrote  to  Dr.  Hendricks  for  further  details.  In  his 
reply  he  states: 

• "I  probably  made  an  error  In  the  roscoellte.  The  sample  used  was 
an  extremely  small  one  (actually  too  small  to  work  with)  and  the  powder  dif- 
fraction photographs  were  poor.  The  statement  was  based  on  an  apparent  val;ie 
of  d(OOl)  In  excess  of  10,0ft.'' 

The  only  other  reported  structural  work  Is  a statement  In  Wells  and 
Brannock  (1946,  p.  121)  attributed  to  Dr.  J.  M.  Axelrod,  idiich  Indicates  that 
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X-ray  pcwder  patterns  of  roscoelite  iieve  ” ^ . lines  very  close  to  those  of 
muscovite,  peo’agonite,  arid  biotite,. ” However^  studies  by  FJacher  (19'57,  p. 
929)  and  by  Alice  D.  Weeks  (personal  comm'unication)  seen  to  indicate  the 
presence  of  another  vanadiferous  micaceous  mineral,  poeeilly  of  chloritic 
nature,  in  the  V ores  of  the  Placerville  district  of  the  Colorado  Plateau 
province . 


In  the  University  of  Michigan  Mineralogical  Collections  only  a few 
fine-grained  samples  of  roscoelite  were  available,  so  that  the  study  was 
begun  by  means  of  the  powder  method.  Pcwder  photographs  were  teiken  of  three 
specimens  from  California  locaLIitles.  All  of  these  have  apacings  that  corre- 
spond closely  to  those  of  the  1-layered  monoclinlc  mica  polymorph  (Table  LIT, 
column  3);  they  are  r, lightly,  but  consiatantly,  larger  than  those  of  the 
1-layer  lepldolite  i»2ymorph  (p.IiO.).  Specimens  of  type  roscoelite  from  the 
Stockslager  mine  were  obtained  from  the  U.  S.  National  Nusevon  and  Harvard 
Mineralogical  MuseTun.  Powder  photographs  of  this  type  material  also  gave 
the  1-layer  polymorph  pattern.  On  a single  flaks  suitable  for  Welssenberg 
study  from  this  locality,  a 0-levsl  a-azls  photograph  Izidlcated  the  presence 
of  the  I- layered  monoclinlc  structure,  with  tbs  optic  plane  parallel  with 
the  side  plnacold.  Samples  of  two  recently  analyzed  roacoelites,  one  from 
PetrsiiQX  Valley,  Colorado,  described  by  Wells  and  Brannock  (1946),  and  the 
other  from  the  Placerville  District,  Colorado,  described  by  Fischer,  Elaff,  emd 
Bcmlnger  (I9Y7}  were  obtained  from  Dr.  Axelrod  and  are  the  same  ones  on  which 
he  based  his  above  c ited  statonent  in  Wells  and  Brannock  (1946,  p.  121). 

Powder  photographs  of  these  specimens  likewise  gave  1-layer  patterns  with  no 
values  of  d(OOl)  in  excess  of  10. OA. 

Two  specimens  of  alleged  roscoellte-bearlng  ore  were  loaned  by  Prof. 
E.  N.  Goddard  for  study.  One  is  from  the  King  Vilhelm  mine  near  j5une8town, 
Colorado;  the  other  from  the  Buena  mine  in  the  same  district.  Loverlng  and 
Goddard  (1950,  p.  264)  report  for  the  Jamestown  district  that,  ''Associated 
with  the  ore  in  the  Blp  Van  Dam,  King  Wilhelm,  and  Gladiator  veins  are  BoalJ. 
amounts  of  roscoelite  ..."  Roscoelite  in  this  district  also  has  been  noted 
by  Bray  (1942,  p.  787),  who  ccirrelates  the  presence  of  this  mica  In  veins 
with  the  relatively  large  amounts  of  V in  the  tertiary  gremodiorite  to  •vdilch 
the  veins  are  genetically  related.  Genth  (I876)  h*s  described  and  analyzed 
roscoelite  frcm  the  neeurby  Magnolia  district  in  Boulder  County,  CoIotbuo. 

The  Jameston^n  apeclmeni)  consist  of  thin  vein  coatings  of  q.uartz, 
fluorite,  pyrite,  teliirldee,  and  a very  flne-gT‘alned  gray-green  mica,  most 
of  which  is  intimately  Intergrown  with  fine-grained  quartz.  Single  flakeu, 
about  1 mm  In  diameter,  were  separated  from  the  specimen  frcm  the  King  Wilhelffl 
mine,  and  micaceous  powders  were  obtained  from  both  specimens.  Welssenberg 
photographs  establish  that  the  single  flakes  have  the  2-layer  monoclinlc 
structure  of  normal  muscovlts.  The  powder  X-ray  photographs  show  strong  quartz 
contamination,  and  the  polymorphic  type  is  not  determinable.  Mrs.  Alice  S. 
Carey  of  our  laboratory  could  not  substantiate  tne  presence  of  V in  these 
Elcfts  by  means  of  the  test  described  by  Axelrod  (1946). 
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i KoBcoelite  hae  been  foviM  in  the  ores  of  Cripple  Creek  (.Llndgren  j 

i and  Baneome,  I906,  p.  12S)  »lsc  iaaocieted  vith  quartz,  fluc.rite,  and  cala- 
I verite.  Un.fortunately,  nc  analyses  of  this  material  are  a/ailable.  I 

i Several  other  occui'iencee  of  roscoelite  or  vanadium-bearing  muscovite 

j have  been  reported.  The  vanadiferous  muocovite  (l.OB  percent  VpOj)  from 
Schmiedefeld,  Saalfeld  in  Thuringia,  Germsuiy,  (Jung,  1937)  has  the  normal 
2-layer  monoclinic  structure,  as  is  shown  by  his  X-ray  powder  apaclngs  (p.  40). 
It  occurs  with  pyrite  in  quartz  veins  in  an  iron  deposit.  Chatter Jee  (1951) 
reports  roscoelite  in  quartz  veins  with  tourmaline  and  rutile  and  in  schists 
contelaing  muscovite,  rutile,  roscoelite,  and  kyanlte  in  tie  Buuidara  district 
of  India.  He  states  (p,  297),  "Tho  roscoelite  mica  occurs  in  the  iyanite- 
bearlzig  rocks  in  small  nests.  It  is  pale  olive -green  and  sli^tly  pleochrolc; 
and  its  optical  properties  correspond  to  those  of  muscovite.  Tests  for  nickel 
1 and  chromium  failed,  while  vemadim  was  found  to  he  present . This  mineral  is 
also  found  in  certain  quartz  veins."  Efforts  to  obtain  specinens  of  roscoelite 
from  this  locality  were  unsuccessfi^. 

Service  (19^3)  has  described  a green  vanadiferous  mica  (I.7  percent 
V2O5)  frcmi  cavities  of  the  Nsuta  manganese  deposits  of  the  Grold  Coast  and 
another  green  mica  (0.62  percent  V2O5)  frcn  a quartz  vein  in  the  same  deposit. 
Again  an  attempt  to  secure  some  of  this  material  wae  unsuccessful. 

The  vanadium  mica  of  the  vanadltmi  deposits  of  the  Eara-tau  Mo'mtains 
in  Kazak,  U.S.S.B.  has  been  described  as  roscoelite  by  Koslov  and  Sokolov 
(1944)  and  by  Turin  (1944)  and  later  described  as  vanadium-oellacherite  by 
Eviltlassov  and  Dv.binklna  (1946).  But  as  we  have  shown  under  oelleu'.herite, 
trie  hoiic^eneity  and  identity  of  thle  materiel  are  doubtful 

Other  reported  localities  for  roscoelite  include  Kalgoorlie,  Western 
Australia  (Llndgren,  1933>  P<  68O)  also  with  native  gold  and  tell'vcrides,  and 
west  of  Pretoria,  Transvaal,  in  magnet  ite  ores  (Wagner,  192.6,  p.  95"96)  of 
tha  Daspoort  horizon,  whore  it  lies  within  the  contact  a\’xeole  of  the  Bushveld 
Ccmplez. 


Apijarentlj  the  normal  2-layer  monoclinic  muscovite  structcj'e  can 
accommodate  the  substitution  of  significant  amounts  of  V for  A1  without  ury 
detectable  cliange.  Those  micas  with  the  l-layar  roscoelite  striu:ture  contain 
12  percent  '^2^  ®ore.  We  believe  that  this  stmctural  change  acccmpanies 
the  large-scale  substitution  of  V for  Al.  The  few  ave liable  analyses  seem 
to  indicate  that  there  is  no  ccxuplete  series  between  vanadlan  muscovite  and 
roscoelite.  It  would  perhaps  he  instructive  to  detenuioe  the  otructure  of 
the  vanadiferous  mica  from  the  Magnolia  district,  Colorado  (Genth,  I876), 
which  contains  ’J.J&  percent  V2O3. 

Since  roscoelite  Is  both  chen"' rally  and  strac  burf(l].y  distinct  frcm 
c;:ner  micas,  it  can  no  loiiac:,.'  be  regarded  as  a vanadiferous  muscovite,  hut 
must  be  given  the  status  of  an  lndeper.-i.ent  species. 
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TAEjfioirB:: 


Taeniollte  is  an  extremely  rare  meaber  of  the  mica  group  whose 
fomula  le  K2Mg4Ll2S  1802(^4 . It  is  characterized  hy  the  absence  of  essential 
aluminum,  and  for  this  reason  is  unic[U6  among  the  micas.  Mg  and  Li  alone 
appear  to  occupy  octahedral  positions.  The  high  SIO2  and  F along  with  a sub- 
stantial Id.20  (approximately  3.^  percent)  content  maJse  it  appear  related  to 
octopbylllte  lepidollte;  future  Investigations  may  show  this  mineral  to  be 
a magnesian  lepidolite  in  which  Mg  has  replaced  Al. 

An  occurrence  of  taenlollte  from  Magnet  Cove,  Arkansas,  is  described 
by  Miser  end  Stevens  (1938) . They  also  discuss  the  relation  of  taeniolite  to 
other  micas.  The  opticeJ.  propei'ties  of  the  Arkansas  material  axe: 

a = 1.522  y ^ = t = 1.553  , V-a  = O.O3I3  2V  = near  0“ 

Hendricks  and  Jefferson  (1939)  demonstrated  that  taeniolite  from  this  locality 
has  the  1-layer  monocllnic  struc  ore. 

Taeniolite  is  found  in  veins  and  pockets  with  quartz,  dlcklte,  rutile 
emd  other  minerals  at  this  locality  and  also  at  Narsarsuk,  Greenland,  and  also 
possibly  in  the  Kola  Peninsula. 


i 


i 


I 

I 
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TjTI.  FAHAOjjirJF'.jlD  i,  -YX^y.'  ; U tUCAS 


I.  SEgUFflCK  ® CRK  AL'JL/  ,v  0? 

A.  Zcmal  Growths 

In  the  muscOTitiS,  the  cooraon  t*  f of  ccljr  <iou'‘nr  'ii>ta  of 
darker-hrown  cores  and  Hj^ter-hrown  or  gr:,c  - ..v  r jrr.--f . From  the 

relation  of  color  to  conposltlon,  this  indica  .ia  r dc  ti’ep.sr-  :Ln  fo-  and,  Ti  out- 
v&rd  and  probably  an  Increase  In  Pe2  outv/ard.  ‘nr;^ljses  &.  ci  '■’h,  Tehle  LV, 
representing  a zoned  uuscovlte  from  the  Jasper  r.  .,e  ('  -e  typi  ..el. 


8a 

green  margin 

ruby  cc.ce 

Totsd  Fe  as  FCgO^ 

2.9 

0 ). 

Mgp 

.45 

.75 

TlOg 

.05 

.30 

Ihe  Inner  parts  of  muscovite  crystals  that  shov  zoning  normally 
are  richer  in  hematite  Indicating  the  greater  availability  of  Fe3  and  the 
greater  ability  of  muscovite  to  incoiporate  it  during  the  early  gro’rth  atageSo 

Zoned  blotltes  axe  less  common,  but  som:  examples  have  been  analyzed 
by  Sbibata  (1952A)  from  pesmatltcs  in  the  Kaegl  district,  Japan.  Green  outer 
zones  have  somevhat  more  Fe^,  slightly  lest  and  markedly  less  Ti  than 

brown  cores. 


(preen  margin 

dark -brown  core 

7.hh 

7.73 

FeO 

24.12 

22.41 

KgO 

0.29 

0.62 

I'iOg 

0.08 

0.76 
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TABLE  LV 


SPECTROCHEMICAL  ARALTSES*  OF  MUSCOVIT^JG  FF.OM  JASPER  PE®yi... 
(FRAKKLDJ-SYLVA  CISTRICT,  N.  C.) 


5 

5S 

»b 

ruby 

Inner  part  of 
wall  zone 

green  margin 

ruby  core 

zoncd-book  outer  part  of  wall  zone 

Fe^Oj 

5.2 

2.9 

2.4 

MgO 

1.7 

.45 

.75 

MnO 

.04 

.07 

.07 

TiOg 

.32 

.05 

.50 

CaO 

.014 

.002 

.001 

SrO 

.001 

— 

— 

33aO 

0 

CD 

.04 

.07 

NSgO 

.67 

.75 

.90 

LlgO 

— 

— - 

— 

RbgO 

— 



Cfl20 

— 

.017 

.016 

.02 

Sc^O^ 

.003 

— 

COgO, 

.0002 

— 

.A0004 

.0003 

.0001 

.0003 

SnOg 

.004 

.004 

.004 

V5 

.014 

.001 

.01 

F 

•••• 

•••• 

*Spestroc>jetilcal  analyses  by  C.  E.  Harvey 
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B.  Overgrovths  get~<^*gen  Micat^ 

OverG'i  A thi..  Le'';vjen  mica  ep’c:.  >£  are  co?!"'  ; ' « of  the  typee : 

1.  Muscovite  overgrovtlis  on  biotite. 

2.  Lepidolite  overgrowths  on  muscovite. 

3*  Lepidolite  overgrowths  on  biotite. 

k.  Zinnwaldite  overgrowths  on  muscovite. 

3.  Zinnwaldite  overgrowths  on  biotite. 

Reverse  relations,  such  as  biotite  on  muscovites  and  muscovite  on 
lepidolite  are  known  but  eue  rare  for  the  pairs. 


C.  Localization  in  Pegmatites 

Biotites  of  magmatic  origin  occur  mainly  in  wall  zones  or  oucer 
Intermediate  zones.  In  wall  zones  they  are  earlier,  normally,  than  any  accom- 
panying muscovite.  Wall-zone  and  intermediate-zone  biotite  is  earlier,  of 
coiarse,  than  core-margin  musco’rite.  Hydrothermal  biotite  occurs  as  fracture 
fillings  but  very  rarely  in  replacement  units.  Where  biotite  of  the  fivcture- 
fiJJ.ings  type  occurs  associated  vj.th  fracture -filling  or  replacement  muficovite, 
the  latter  is  the  yoionger. 

Shibata  (1952A)  has  analyzed  several  paragenetically  distinct  bio- 
tites from  the  lisaka  pegmatite,  Japan: 


Older 

Younger 

brown  biotite  in 

green  biotite,  fracture 

graphic  granite  zone 

controlled,  associated 
with  fergosonite 

Fe^O, 

c.  ✓ 

12.69 

1-1.72 

FeO 

20.06 

23-75 

MgO 

1.21 

0.14 

TiOg 

0.81 

0.55 
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The  younger  biotite  Is  lower  in  Fe?,Mg,  and  Ti  but  higher  in  Pe^, 

Muficovites  of  wall  zones  and  outer  zones  are  older  tlnn  those  of 
coi’e -margin  units,  which  in  turn,  are  older  than  muscovite  formed  hydro- 
thermally  along  fracturee  amd  by  replacement.  Table  XIX  illustrates  ihc  dif- 
ferences in  wall -zone  (ruby)  and  core-margin  (green)  muscovxtes  from  the  Kiser 
Pegmatite.  The  younger  muscovite  has  higher  total  Fe  emd  lower  Ti. 

The  muBcovlteB  of  the  Franhlin-Sylva  district,  No:.*th  Carolina,  are 
almost  entirely  of  magmatic  origin,  suad  most  of  them  are  wall-zone  micas . 

The  micas  of  the  Petaca  district.  New  Mexico  Occur  chiefly  In  jreplacemsnt . 
units  amd  are  in  the  main  of  hydrothermal  origin  (Jahns,  ?»9^6).  Table  LVI 
contrasts  their  average  cosmos it ions . 

Again,  the  chief  differences  are  in  Fc,Mg,Mn,  and  also  in  Li  and  F, 
Na,  Ti  6Uid  some  of  the  trace  elements  also  show  variation. 

Llashchenko  (19^)  has  analyzed  two  muscovites  from  the  Biriussa 
mica  mine  in  eastern  Siberia  (Thble  LVIl).  Number  1 is  a normal  pegBatitlc 
■aniBcovite I No.  2 is  a fine-grained  secondary  muscovite  that  forms  as  pseudc- 
morphs  replacing  the  book  muscovj.te  (No.  l) . 

The  TiO  content  of  No.  2 is  abnormal  and  may  be  presumed  to  be  due 
to  inclusions  of  a Ti  mineral. 

It  is  to  be  noted  bhat  the  secondary  muscovite  is  phengitic,  is 
subtly  deficient  in  K,  and  is  very  low  in  Pe5  + Fe*^. 

As  early  as  I887,  Scharizer  (I887B)  analyzed  the  several  micas  from 
the  Schutteahofen  pegmatite. (Table  LVIII). 

He  concluded  that  the  youngest  is  richest  in  SlOg#  poorest  in 
divalent  bases,  and  is  also  the  lightest  in  color.  In  the  outer  zone, 
muscovite  of  type  I also  forms  overgrowths  on  biotite  so  that  the  complete 
sequence  is: 

Biotite > eras covite  I — — > mus'rovxte  II  — > lepidollte. 

He  believed  that  the  type  II  muscovite  :.o  poor  iu  Fe^  because 
tourmaline  formed  with  it,  which  utilized  t>iat  elere^nt. 

Shibata  (1952A)  has  deciphered  the  paragan?Gic  uequences  of  micos 
in  several  districts: 


I 
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I .1.  Naegi  district,  Japan 

I 

i 

i 

I ^ younger 

i 

broim  blotite 
green  biotite 

protoll  tbionlte  — zlnzwaldlte lepldollte 

nmscovlto serleite  yellov  nlca 

t 

I 2.  Bunsen  pegmatite.  South  Kankyff-dO,  Korea 


^ younger 


biotlte 

radial  muBCOvite zinnvaldite vhite pink 

lepidolite  lepidolite 


3.  Sakihama,  Japan  See  'Cable  LIX. 


Heinrich  ai'd  Levlnaon  (1955)  ha\’e  cited  evidence  to  show  that  in 
many  cases  rose  aHiEcoyite  in  younger  than  lepidolite. 
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TABLE  LVI 


COMPAEISOK  OF  AVERAGE  COMPOSITION*  OF  MUSCOVITES  FF:CM 
FRANKLIN -SYLVA,  N.  C.  AND  PETACA,  N.  MEX.,  DIS'IEICTB 


FP^dikllfi-Syiva 
North  Carolina 

Petaca 
New  Mexico 

PegOj 

2.77 

k,2k 

MgO 

1.12 

.12 

MnO 

.06 

.^7 

TiOg 

.17 

ci05 

CaO 

.015 

.005 

SrO 

.0009 

absent 

BaO 

.19 

.006 

NagO 

.P5 

1.08 

LlgO 

absent 

.46 

Ga20j 

.017 

.041 

ScgOj 

.OOlU 

.0002 

CogOj 

.0002 

.0001 

CrgOj 

.0002 

.00001 

SnOg 

.0018 

.014 

VgO^ 

.0066 

.0004 

F 

.029 

1.00 

■"Based  on  spectrochemlcal  data  by  C.  E.  Harvey 
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TABIZ  LVII 


I 

E 

I 


i 


\ 

i 

I 


I 


i 

i 

1 

! 


I 


m 


TWO  MUSCOVITES  AMALY2ED  BY  LIASHCHENKD  (1940 ) 


S102 

TiOg 

ZrOp 

FegOj 

FeO 

MgO 

CaO 

y. 

NagO 

HgO- 

COo 


44.01 

51.07 

0.57 

4.52 

— 

0.03 

34.?>5 

29.29 

n.d. 

> — 

0.45 

0.20 

1.55 

1.36 

0.79 

— 

10.45 

7-71 

0.38 

— 

5.78 

5.24 

1.62 

0.56 

0.18 

0.16 

100.45 

100.59 

■S 


TABLE  LVIII 

MICAS  FROM  THE  SCHUTTENHOFEN  PEGMATITE  ANALYZED  BY  SCHARIZER  (1887B) 


I 

muscovite, 
brovm,  oldest 


II 

muscovite 
y ‘billow 


III 

lepidolite 
youngest 


SiO^ 

43.67 

44.08 

49.25 

AlgOx 

56.69 

56.83 

25.26 

FepO^ 

2.10 

0.48 

FeO  * 

0.55 

0.74 

0.84 

McO 

tr 

0.25 

0.85 

KgO 

8.57* 

11.10 

15.85* 

Sa^O 

LCO 

CaO 

1.95 

0.20 

0.35 

tr 

0.37 

5.58 

- - 

0.20 

RpCM- 

4.55 

4.98 

1.76 

HgO- 

1.15 

1.17 

F 

0.35 

0.19 

5.68 

9935" 

100.59 

105.22 

H 

II 

0 

0.14 

0.08 

2.58 

99.24 

100.51 

looTSir 

/ 

\ 


( 

! 


*Includes  HbgO  and  CsgO 


223 


A 

I 


224 


ENGINEERING  RESEARCH  INST  TUt: 


UNIVERSITY  Of  MICHIGAN 


— 1 


r 

I 

I 

I 

I 

I U.  CESMICM,  EYOLUTIOT^ 

Shll>ata  (1952B)  concludes  there  exist  three  lines  of  descent 

in  the  evolution  of  pegate title  uIcsub? 


1. 

hiotite  

> 

lepidooelane 

(Mg-Fe2  

> 

Fe^-Fe5) 

•Y"‘  ■■ 

7jT~.  ^ •_ 

2. 

muscovite  — — 

-> 

lithia  mica 

■ ...  'v  ■ 

5. 

hiotlte  

> 

llthia  mica 

He  also  notes  (p.  l60)  that,  "In  later  stage  minerals  found  in  peg- 
matites the  ratio  of  MnO  to  FeO  increases  and  at  the  same  time  lithium  in- 
creases especially  in  mica,  etc.  When  magnesium  almost  diminishes  in  later 
stbge-mlnerals,  manganese  takes  Its  place.  Beiatlve  stage  of  magmatic  dif- 
ferentiation is  represented  hy  the  ratio  of  FeO/(MgO  + FeO)  at  the  earlier 
stage  and  by  MnO/ (FeO  + MnO)  at  the  later  one."  With  these  general  conclusiozu 
the  vrlters  are  in  agreement,  as  vas  e3q)reB8ed  hy  Heinrich  (1953).  Shlha'Ui't^ 
a3ac  states  (p.  l60),  "F'errlc  iron  can  he  derived  from  ferrous  one’  hy  oxi- 
dation hy  i»egmatltic  gases  and  so  the  ratio  of  ferric  to  ferroiiB  iron  has  xio 
constant  relation,  otherwise  ferric  iron  increases  in  minerals  of  the  later 
stage  at  the  expense  of  ferrous  iron."  The  writers  agree  that  ferroiis  iron 
can  he  converted  to  ferric  hy  means  of  the  escape  of  pegmatitic  gases,  hut 
conclude  that  such  oxidation  is  more  likely  to  take  place  in  the  outer  parts 
(wall  zones)  of  pegmatites.  Thus  waU.-sone  muscovites  contain  more  Fe^  (and 
exsolved  FegO,)  them  core-margin  types  and  hiotites  of  outer  zones  will  also 
probably  he  shown  to  contain  more  Fe^  than  ccre-meurgin  types  (most  hiotites 
Included  in  green  core -margin  muscovites  are  themselves  green)  and  more  Fe5 
than  fracture -filling  hiotlte. 

Table  LX  sommmrizes  the  average  contents  of  the  vax-ious  oxider  in 
the  micas  analyzed  for  this  study. 

In  the  muecovLtes  the  chemical  evolution  normally  involves  the 
changes  indicated  in  Table  LXI. 

Normally  the  sequence  imuscovite — Hithian  muscovite  — vlepidolite 
is  accompanied  hy: 
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TABI£  LX 


AV>:PACF:  C0Ir~7?Tf.^  OF  VARIOUS  OXIDES  H?  MICAS 


Muscovite 

Lepldollte 

Hose 

Muaccrjite 

2.9C< 

0.48 

0.11 

0.55 

0.04" 

0.04 

0.11 

ia6 

»■  ■■■.■  ■.f'-'vl  ■■■■ 

0.35 

TlOg 

0.13 

0.01 

' ■■-■I'  -, 

0.002 

JaO 

0.007 

0.007 

0.004 

SrO 

0.0005 

0.006 

- ■ . 

0.0004 

BaC 

O.U4 

0.0003 

0.0006 

HfigO 

1.02 

0.4l 

0.87 

LigO 

0.09 

0.32 

KbgO 

— 

0.54 

0.62 

CflgC 

0.08 

0.11 

GSgO^ 

0.022 

0.017 

0.024 

SCgO^ 

0.0011 

0.0006 

0.0002 

- 

0.0004 

Cr^O^ 

O.COOl 

0.000004 

0.00004 

SIIO2 

0.0067 

0.021 

0.025 

V2O5 

0.0004 

0.0001 

0.00005 

F 

/%!> 

5.4i 

0.42 

Based  prioarily 

on  spectrochemici. 

i auialysee  by  C. 

. E.  Hurvey 

EEMICAL  EVOLCTIOJif  OF  MUSCOVITE 


Outer -£one 
raurcovlte 


Ycimgest 

First -gr-iined 
I'eplacemeiit  atascovlte 
("eericite") 


incz^aslDg 


Kuctaiua 


increas 


decreasi 


'oaxlBUiS 


nergJJy  decreas  .'.n 


1-^ 


decreasi 


maxtavm 


deci'easi 


Increas 


aaxinum 


increasing 


idecresae 


ntaxlaum  < 


lowest 


' ;/atia1>le,  gsner 
ally  low 


sllfiht  Increase 


^aerally 

{ low  \ 

maximum  : 

low  or 

absent 

< increasing  • 

! 

absent 

low  atia  variaole 


generally 


taarked  increase 


eat  increase 


he  seune 


ase 


Ca,  Sr,  Co,  Cr,  an  show  little  systematic  variation;  V,  Be 
appear  to  be  concentrated  slightly  in  ^be  older  micas;  Ga  la 
sligfhtly  higher  In  younger  micas;  Rb  euad  Cs  are  absent  in  most 
micas  except  the  rose  types. 


maximum 
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1.  An  incrvBse  in  Li,KfijSr;tK?;.^Cs,F. 

2.  A decrease  ic  Mg,  total  le , ri,N£.,3a, 

3.  A slight  deci^eise  la  Vi,? ),lr,Co,Sc. 

h.  A slight  increase  in  Sn(?). 

3>  Essentially  no  change  in  Ca,Ga. 

Eose  auseoYltee,  which  are  generally  later  than  lepldolltes,  differ 
from  the  latter  in  having  still  lower  total  Fe^Mn,Tl,Sr,Ll,Sc,  and  F;  and 
hl^er  lb  and  perhaps  Oa.  Rb,Cs,Ca,Ba,Sn,  and  V are  essentially  the  scjae. 

" These  appear  to  he  the  only  muscovites  that  normally  contain  Fb  and  Cs. 

In  the  sequence:  zonal  hlotite — > fracture -filling  hiotite  the  data 
are  relatively  few,  hut  the  indicated  accoopanylng  changes  axe: 

1.  Decrease  in  Fe5,Ti,0H(?). 

2.  Inereauie  in  Pe2,.^i(?),F(?) 

!Rte  chemical  changes  that  appear  in  successl'/ely  younger  generations 
" of  pegjaatitic^ micas  reflect  in  ger^ral,  and  In  detail  , the  differentiation 
trends  of  pepiatitic  magmas  and  their  derivative  hydrothermal  solutions  as 
well  as  the  course  of  differentiation  of  magmas  in  generel.. 

In  the  negnatic  micas  with  decreasing  tarojerature  of  crystallization 
Mg  is  supplanted  by  Fe^,  and  the  Fe^  hy  Mn.  ihe  ralstively  high  Fe^  contents 
of  older  (hlgher-tenperature ) micas  may  he  due  to  oxidation  hy  gaiaes  escaping 
from  the  i>artly  crystallized  pegmatite  magma.  With  decreasing  teiiperat'ores 
less  Ti  amd  Ba  can  be  incorporated  in  micas.  Ll,Rb,Cs,  most  !<In,  and  F do 
not  enter  appreelahly  into  the  structure  of  the  magmatic  mices  hut  are  re- 
jected to  the  hydrothermal  fmctlcn,  along  with  additional  Si. 
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